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PREFACE 

Mr. F. E. Dixon, in his preface to the last edition of this 

work, said, ‘‘ The * Eudimentary Treatise * of the late Mr. 

Baker on Land and Engineering Surveying has been so 

long and so widely known as an accepted text-book in 

schools and colleges, and has been so generally recom¬ 

mended by professional authorities, that it is needless to 

dwell upon its merits. But the conditions under which 

the training of Students in Surveying, as well as the work 

of the Surveyor, is now carried on, are so different from 

those prevailing when the book was first issued, that a 

revision of the volume was felt to be necessary, and by 

arrangement with the Publishers, I have undertaken the 

preparation of this edition.'" 

By the efiflux of time the same necessity has again 

arisen, and Mr. Dixon’s remarks are equally applicable. 

Mr. Dixon also says that the volume “ being recom¬ 

mended by the Councils of the Institution of Surveyors, 

the Eoyal Agricultural Society of England, and the 

incorporated Association of Municipal and County 

Engineers, examples of the Examination Papers issued 

by them have been introduced; and I may say that in 

re-writing the work I have endeavoured so to adapt and 

extend the contents of the volume to meet the require¬ 

ments of those bodies." In the present edition these 

features have all been retained. In any corrections or 

a,dditipU9 that I have made the requirements of any 
iii 



IV PREFACE, 

particular body in their examinations have not been con¬ 

sidered, as this had already been provided for. I have 

therefore contented myself with the requirements of the 

student in his search for knowledge. 

I have made several corrections throughout the text, but 

chiefly with regard to the adjustment of instruments. 

The methods I have given are thoroughly reliable and 

apply to the most modern types of theodolites and levels 

as well as to the older patterns. As this subject is im¬ 

portant to the student in examinations, and more im¬ 

portant still in his practice, I have endeavoured to present 

it in such a manner that it can be both understood and 

applied. This cannot be said of the descriptions to be 

found in most text-books, and if I have succeeded in my 

endeavour the student will be grateful. 

The reference to latitude and longitude has been re¬ 

written. This is of necessity very brief, but it is hoped 

that what has been said will at least be understandable. 

I might add that I have cut out references to triangula¬ 

tion when chain surveys are meant. To use the terms 

usually associated in the mind of a real surveyor with 

triangulation, when chain surveys are intended, is, in my 

opinion, very confusing to the student. In my experience 

as an examiner in Surveying I have known cases where 

this looseness in terms has led candidates into the most 

ridiculous positions, through no fault of their own. 

To again quote Mr. Dixon, ** it is hoped that the work 

may be found sufiiciently brought * up to date' to prove a 

satisfactory progressive Introduction to the Practice and 

Principles of Surveying, and be found increasingly useful 

by those for whose assistance it is designed.*' 

Qeq. LipNEJ> Lbston. 
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LAND AND ENGINEERING 

SURVEYING. 

CHAPTER I. 

PKACTICAl ejSOMETSr. 

Definitions. 

1. A point has no dimensions, neither length, breadth, 
nor thickness. 

2. A line has length only, as A. A line 
may be straight or curved. 

3. A surface or plane has length and 
breadth, as B. A surface may be either 
flat or curved. 

4. A straight line lies evenly between its extreme points, 
as A B. 

5. Parallel lines arc such as are in the A-B 
same plane, and never meet when pro- ^ 
longed, as A B and C D. ^ 

6. An angle is formed by the meeting ^ 
of two lines not being in the same straight 
line, as A C, C B. It is called the angle —- B 
ACB. 

7. A right angle is formed by a straight A 
line standing on another straight line, and 
making the adjacent angles equal to one 
another, as the angles ABE and ABC, 
which will be right angles. The line A B E 
will then be perpendicular to E C. 

8. An acute angle is less than a right angle, as D B C. 
B 
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9. Jn obtuse angle is greater than a right angle, as D BE. 
10. J triangle is a figure included by three straight lines. 

11. A right-angled trianoleis one which has 
a right angle, as A B C. The side A C, oppo¬ 
site the right angle, is called the hypotenuse ; 
the sides A B and B C are respectively called 
the base and perpendicular. 

12. An obtuse-angled triangle is that which 
has an obtuse angle, as the angle at B. 

13. An acute-angled triangle is that which 
has all its three angles acute, as D. 

14. An equilateral triangle is that which 
has three equal sides, as E. A 15. An isosceles triangle is that which has 
two equal sides, as F. 

A quadrilateral figure is a figure bounded by four 
_straight lines; when its opposite sides are 

parallel and equal, it is called a parallelogram. 

^ 17, A square has all its sides equal, and 
_ all its angles right angles, as G. 

IB. A rectangle is a parallelogram with all its angles 
right angles, as B (see figure to Definition 3) or G. 

IB. A rhombus is a parallelogram having 
all its sides equal, but its angles are not 
right angles, as I. 

20. A rhomboid is a parallelogram having 
its opposite sides equal, but all its sides 
are not equal, nor its angles right angles, 
as K. 

B 

A 

21, A trapezium is a figure bounded by four 
straight lines, no two of which are parallel to 
each other, as L. A line connecting any two of 
its opposite angles is called thedtagrowa/, as AB. 
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22. A trapezoid is a quadrilateral, having 
two of its opposite sides parallel, and the re¬ 
maining two not, as M. 

23. Polygons are figures having more than four sides, and 
receive particular names, according to the number of their 
sides. Thus, a pentagon has five sides; a hemgon, six; a 
heptagon, seven; an octagon, eight i &c. They are called 
regular polygons when all their sides and angles are equal ; 
when otherwise, irregular polj^gons. 

24. A circle is a plane figure, bounded by a 
curved line, called the circumference, which is 
everywhere equidistant from a point C within, 
called the centre. 

25. An arc of a circle is any part of the circumference, as 
FE. 

26. The diameter of a circle is a 
straight line A B, passing through the 
centre C. It divides the circle into 
two equal parts, each of which is called 
a semicircle. Half the diameter, as A C 
or C B, is called the radius. If a radius 
C D be drawn at right angles to A B, 
it will divide the semicircle into two equal parts, each of 
which is called a quadrant, or one-fourth of a circle. A 
chard is a straight line joining the extremities of an arc, as 
FE. It divides the circle into two unequal parts called 
segments. If the radii C F, C E be drawn, the space bounded 
by these radii and the arc F E will be the sector of a circle. 

27. The circumference of every circle is divided into 360 
equal parts called degrees, and each degree into 60 minutes, 
each minute into 60 seconds, &c. Hence a semicircle 
contains 180 degrees, and a quadrant 90 degrees. 

28. The measure of an angle is an arc of 
any circle contained between the two lines 
which form the angle, the angular point 
being the centre ; and it is estimated by the 
number of degrees contained in that arc. 
Thus the arc A B, the centre of which is C, 
is the measure of the angle A C B. If the 
angle A C B contain 42 degrees, 29 minutes, and 48 seconds, 
it is thus written : 42° 29' 48" 
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29. A solid is that which has length, breadth, and thick¬ 
ness. That which bounds a solid is a superficies. 

30. A pyramid is a solid figure, con¬ 
tained by three or more triangles wdiich 
meet at a point, and by another recti¬ 
linear figure. 

31. A prism is a solid figure 
contained by plane figures, of which 
two that are opposite are efjual, 
similar, and parallel to one another; 
and the others are parallelograms. 

32. A pi'ismoid is a solid having for 
its ends any tw^o parallel plane recti¬ 
lineal figures of the same number of 
sides, and having all its faces trap)e- 
zoids. 

33. A sphere is a solid figure, described 
by the revolution of a semicircle about its 
diameter, which remains fixed. 

34. A cone is a solid figure, described by 
the revolution of a right-angled triangle about 
one of the sides containing the right angle, 
which side remains fixed. 

35. A cylinder is a solid figure, described 
by the revolution of a right-angled paral¬ 
lelogram about one of its sides, which re¬ 
mains fixed. 
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36. A cube is a solid figure contained by 
six equal squares. 

37. An ellipse is the curve traced 
out by a point, which moves in 
such a manner that its distance 
from a given ])oint, called the focus^ ^ 
is in a constant ratio of less in¬ 
equality to its distance from a given 
straight line, called the directrix. 
The diameter A B is called the 
transverse diameter ; the diameter C D the conjugate diameter. 

Theorems. 

I. On the same base, and mi the same side of it^ there cannot 
be two triangles having their sides which are terminated at one 
extremity of the base equal to one another^ and likewise those 
which are terminated at the other extremity equal to mie another'. 
(Euc. I, 7.) 

II. If two straight lines cut one 
another, the vertical, or opposite, 
angles are equal. (Euc. L 15.) Thus 
the angle A G E = angle H G B, and 
E G B rzz A G H. 

III. {See last figure),—A straight line E F, cutting two 
parallel straight lines A B, C D, makes the alternate angles 
equal, Sc. :—thus the angles A G H, G H D arg equal; also 
the exterior angle E G B equal to the interior and opposite 
angle G H D y also the angles B G H and G H D are together 
equal to two right angles. (Euc. I. 29.) 

IV. The greatest side of euery triangle is opposite the greatest 
cmgle, (Eul I. 18.) 

Y, If two sides of one triangle are equal to two sides of 
amther tricmgle, each to each, and the angle contained by the two 
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iides of the one equal to the angle contained by the two sides of 
the other^ the Pricmgles mil he equal in aU respects. (Euc. I. 4.) 

VI. If two triangles have two angles of the one equal to two 
angles of the oiher^ each to each^ and one side eqtuil to one side^ 
namelyy either the sides adjacent to the equal angleSy or sides 
which are opposite to equal angles in eachy then shall the other 
sides he equals each to each, and also the third angle of the one 
equal to the third angle of the other. (Euc. I. 26.) 

VII. Let the side A B o/ the triangle 
ABC be produced to D, the exterior angle 
C B D is equal to the interior angles at A 

_ and C ; also the three interior angles oi 
D the triangle are equal to two right angles. 

(Euc. 1. 32.) IVhence any two angles 
of a triangle being given the third becomes known. 

VIII. Let ABC be a right-angled triangle (see figure to 
Definition 11, p. 2), having a light a/ngle at B ; iheny the square 
on the side K G is equal to the sum of the squares on the sides 
k B, B G. (Euc. 1. 47.) IVhence any two sides of a right- 
ajtgled triangle being given the third becomes known. 

w 
E B 

said to he similar. (Euc. VI. 2.) 

IX. In any triangle ABC, 
letD L be draum parallel to one 
of its sides, C B ; then, A B is to 
A E as B C is to D E; and the 
triangles A D E < t/wi A C B are 

X. Let A B C, A E D (see last figure) be similar triangles, 
then, the triangle AB G is to the triangle AEY> as the square 
of A B is to the square o/ A E ; that is, similar triangles are to 
one another in the duplicate ratio of their hormlogoaSf or like, 
sides. (Euc. VI. 19.) 

XI. dU similar figures are to one another in the duplicate 
ratio of their homologous, or like, sides. (Euc. VI. 20.) 

XII All similar solids are to one another as the cubes <4 
their like linear dimensior^. 
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Problems. 

I. To divide a given angle ABC into two 
equal parts. 

From the point B with any radius 
describe the arc D E. From D and E as 
centres describe arcs of ecjual radius cut¬ 
ting each other in F. Join B F, which 
will bisect the angle required. 

II. To divide a given straight line A B into 
two equal 2nirts. 

From tlie centres A and B, with any radius 
greater than half A B, describe arcs, cutting 
each other in 0 and D ; draw C 1), and it 
will cut A B in the middle point E. 

III. At a given distance E, to draw a straight line 0 D 
parallel to a given straight line A B. 

From any two points m and r, in E_ 
the line A B, with a radius equal to ^ 
E, describe the arcs n and s :—draw q .e 
C D to touch these arcs, without ‘ ** * 
cutting them, and it will be parallel ^____ g 
to A B. VI r 

IV. Through a given point r, to draw a straight line C D 
parallel to a given straight line A B. 

From any point n in the line A B, with ^ 
the distance n r, describe the arc r m, draw S'x 
the chord m r ;—from centre r, with the / ' / 
same radius, describe the arc n s :—draw 
the chord n s equal to the chord m r :— 
through r and s draw C D, which is the parallel required. 

V. From a given point P, in a straight line A B, to erect a 
perpendicular. 

On each side of the point P take any 
two equal distances, P 7n, P n, on the line 
A B (prolonged if necessary); from the 
points m and w, as centres, with any radius 
greater than F m, describe two arcs cutting 
each other in C ; through 0, draw C P, 
and it will be the perpendicular required. A w P « B 
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VI. From a given point C to let fall a perpendicular to a 
given line. 

c 

'Tty 

J 

From C, as a centre, describe an arc to 
cut A B (prolonged if necessary) in rn and 
n;—with centres rn and r/, and the same 
or any other radius, describe arcs inter¬ 
secting in 0 : through C and o draw C a, 
the perpendicular required. 

VII. To construct a triangle nitU three given straight lines. 

Let the three given lines be 5, 4 and 
3 yards. From any scale of equal 
parts lay off the base A B = 5 yards ; 

_with the centre A and radius A C = 
A B 4 yards, describe an arc ; with centre 
B and radius C B = 3 yards, describe another arc cutting 
the former arc in C :—draw A C and C B ; then A B 0 is 
the triangle required. 

VIII. Given the base and perpendicular^ with the place of the 
latter on the base, to construct the triangle. 

Let the base A B = 7, the 
perpendicular C D 3, and 
the distance A D 2. Make 
A B zn 7 and A D = 2;—at D 
erect the perpendicular D C, 
which make = 3 : —draw A C 
and C B ; then ABC is the 
triangle required. 

(Euc. I. 22.) 

IX. To describe a square, whose side shall be of a given 
length. 

Let the given line A B be 3 chains. At 
the end B of the given line erect the perpen¬ 
dicular B C (by Prob. V.), which make = 
A B :—with A and C as centres, and radius 
A B, describe arcs cutting each other in 
D : draw A D, D C and the square will be 

® completed. 
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X. To describe a rectangle having a given length and breadth. 

Let the length A B 5 chains, and jd ■_q 
the breadth B C = 2. At B erect the 
perpendicular B C and make it 2 : 
—from A as centre, with radius B G, 
describe an arc; and from C as centre, 
with radius A B, describe another arc, cutting the former in 
D :—join A D, I) 0 to complete the rectangle. 

XI The base and two 'perpendiculars being given^ to construct 
a trapezoid. 

Let the base A B 6, and the 0 
perpendiculars A D and B C, 2 and D _^ 
3 chains respectively. Draw the p" 
perpendiculars A D, B C, as given 
above, and join D C, thus complet- ^ 
ing the trapezoid. A~ ® 

XII. To nuike a triangle equal to a given trapezium A B C D. 
Draw the diagonal D B, and G K D C 

parallel to it, meeting A B prolonged 
in E :—join D E ; then shall the 
triangle A D E be equal to the trape¬ 
zium A B C D. 

XIII. To make a triangle equal to the figure A B C D E A. 
Draw the diagonals DA, 

DB, and the lines EF, C G, 
parallel to them, meeting the 
base A B produced both ways, 
in F and G :—join D F, D G : 
then the triangle DFG will 
be equal to the given figure ^ 
A B 0 D E A. 

XIV. To make a square equal to a given rectangle A B C D. 
Produce one side A B till B E 

be equal to B C : — bisect A E in (^; 
from which as a centre, with radius 
A 0, describe a semicircle, and pro¬ 
long B C to meet it in F:—on 
B F describe the square B F G H, 
and it will be equal to the rect¬ 
angle A B C D, as required. 

E B H A 
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C 

XV. To find the centre of a given 
circle. 

Draw any chord A B and bisect 
it at right angles by the straight 
line C D, which will be a diameter. 
Bisect C D in 0, which will be the 
centre of the circle. 

XVI. To construct an ellipse. 

Rule I.—When one of the diameters is given. Divide the 
given area successively by *7854 and the given diameter, 
and the quotient will be the other diameter. 

Rule II.—When the hvo diameters are required to he in a 
given proportion or ratio. Divide the given area successively 
by *7854 and the product of the terms of the ratio, and the 
square root of the quotient, multiplied separately by the 
terms of the ratio will give the two diameters. 

Emmple 1.—Construct an ellipse containing 4 acres, and 
with a transverse diameter T R of 9 chains. 

By Rule I. 400000 __ f links = C 0, the 
*7854X900 ^ (conjugate diameter. 

Lay off from the centre c of the ellipse, on the transverse 
diameter T R, the distances c ¥, c f each equal to the 

square root of the difference 
of the squares of the two semi 
diameters; take a strong flex¬ 
ible cord, equal to T R, and fix 
its ends at F, /; extend the cord 
to any point, I. so that it may 
take the position FI/, and 
keeping the cord continually 
stretched, trace the elliptical 
curve T I C R 0, which will be 
the required boundary. 

In this case c F z= c/ n ^/45b^ — 283* = 350 links. 
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Example 2.—Lay out an ellipse to contain 2^. Or. 32^., 
the proportion of the diameters of which shall be as 7 to 4. 

By Rule II. ^ 220000 _ ; and 100 x 7 =700 
^4x7x7854 

links, the transverse diameter, and 100 X 4 = 400 links, 
the conjugate. 

XVII. Upon a given line A B to construct a regular 
'pentagon. 

From the point B draw B G perpendicular to A B and 
equal to half A B. Join A G and 
produce it to H, making G H = 
G B. 

From the points A and B with 
the radius B H describe arcs in¬ 
tersecting in O, which will be 
the centre of the circle circum¬ 
scribing the required pentagon. 
With centre 0 and the same radius 
describe the circumscribing circle 
ABODE. Set off the lines BO, 0 D, D E, and E A, 
all equal to A B, and intersecting the circumference in the 
points 0, D, E. Then the figure A E D 0 B will be the 
pentagon required. 

XVIII. Upon a given line A B to construct a regular 
hexagon. 

From the points A and B as centres, 
with the radius A B, describe arcs 
intersecting in 0. 

With the centre 0 and the same 
radius describe the circle A B 0 D E F, 
which will be the circle circumscribing 
the required hexagon. Set off the lines 
B 0, 0 D, D E, E F, and F A, all equal 
to A B, and intersecting the circum¬ 
ference in the points 0 D E F. Then 
the figure A B 0 D E F will be the hexagon required. 
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XIX. upon a given line A B to construct a regular octagon. 

From the points A and B draw A F and B E perpendi¬ 
cular to A B. Produce A B to J and K. 

Bisect the angles F A J and 
E B K by the lines A H and B C, 
each e(pial to A B. 

Draw G H and C D parallel to 
A F, making them equal to A B. 
Draw G F parallel to B C, and 
E D parallel to A H, making them 
equal to A B ; join E F. Then 
A B CDEFGH will be the octagon 

-• required. 



CHAPTER 11. 

MENSURATION. 

Uniformity in Measures commanded by Statute.— 
Uniformity in measures has been from time to time com¬ 
manded by Statute, but until the present century without 
the contemplated results, “ local ” measures, varying in 
different parts of the country, continuing in force. But 
by 5 Geo. IV. c. 74, it was enacted that on and after the 
first of May, 1825, the standard yard was to be the unit of 
measurement, and all measurements, lineal and superficial, 
were to be multiples and sub-multiples of it, the acre to 
contain 160 perches or 4,840 square yards. 

Since that date these measures have gradually superseded 
the local measures. The principal local measures are, how¬ 
ever, sometimes met with, and some measures of the acre 
are for this reason set down below. 

Table of Linear Measure. 

Inches. Links. 
7-92 1 

Feet. 
12 1*516 1 

Yards. 
36 4-646 3 1 

Poles. 
198 26 16J 5-J 1 

Chains. 
792 100 66 22 4 1 

Furlong.. 
7,920 1,000 660 220 40 10 1 

Mile. 
68,360 8,000 6,280 1,760 820 80 8 j 1 
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Table of Superficial Measure. 

Sq. Inches. \ 6q. Links. Sq. Feet. 
144 2*296 1 

Sq. Yds. 
1,296 20*661 9 1 

Sq. Perches. 
39,204 625 272i 301 1 

Sq.Chs. 
627,264 10,000 ! 4,366 484 16 1 

Roods 
1,668,160 25,000 

1 

10,890 
1 

1,210 40 2i 1 
Acres. 

6,272,640 100,000 1 43,660 4,840 160 10 4 1 

- 64,000,000 i 27,878,400 3,097,600 102,400 1 6,400 2,560 640 

Table of Solid Measure. 
Cubic Inches. Cubic Feet. 

1,728 1 

46,666 27 
Cubic Yard. 

1 

Local Measures of the Acre. statute 
8q. Yds. Acre. 

1 Lancashire acre* contains 160 perches of 49 sq. yds. 7,840 = 1*620 
1 Irish „ „ 160 „ 49 „ = 7.840 =1*620 
1 Cheshire ,, ,, 100 ,, 64 ,, =10,240 =2*116 
1 Scotch ,, ,, 10 sq.cWnsof 74 feet = 6,084^=1*257 

Table of Hay and Straw Measure. 

1 truss of straw = 36 lbs. 
1 truss of old hay =56 lbs. 
1 truss of new hay to Sept. 1st. = 60 lbs. 
1 load of straw = 36 trusses =11 cwt. 2 qr. 8 lbs. 
1 load of old hay = 36 tnisses = 18 cwt. 0 qr. 0 lbs. 
1 load of new hay = 36 trusses =19 cwt. 1 qr. 4 lbs. 

Table of Dry or Corn Measure. 

Wheat and other cereals are commonly sold by weight, 
the bushel being thus reckoned :— 

1 bushel wheat (English) = 63 lbs. (Foreign) = 62 lbs. 
1 ,, barley „ = 62 to 56 lbs. (French) = 62^ lbs. 
1 ,, oats ,, = 40 to 42 lbs. (Foreign) = 38 to 40 lbs. 
1 ,, rye or maize = 60 lbs. 

Note,- Grain of aU kinds is frequently sold by the stone. 

* The Lancashire and Irish acres are commonly spoken of as equal 
to 1*619 statute acres, the actual measurement to five places of 
decimals being 1*61983. 
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Table of Timber or Wood Measure. 

40 cubic feet rough, or 50 cubic feet squared = 1 load. 
50 feet planks = 1 load. 
100 superficial feet =: 1 square of flooring. 

Width of battens 7 inches ; of deals, 9 inches; planks, 
2 to 4 inches, and 10 or 11 inches wide. 

Hydraulic Memoranda. 

1 cubic foot of water 6*23 gallons. 
1 gallon ,, =10 lbs. avoirdupois = 70,000 grains Troy. 
1 inch of rainfall = 22,622 gallons per acre. 

Velocity and Discharge of Water in Pipes and Open Channels. 

V = velocity in feet per second. 
D = diameter of pipe in feet. 
A = area ot channel. 

R = hydraulic mean depth 

8 = sine of inclination or - 

_area of cross section 
wetted perimeter, 

total fall 
total length. 

Q = discharge in gallons per minute. 

in pipes — 

(i) Velocity and Discharge in Pipes. 

V= 140 - 11 
Q = V X 293*7286 

(ii) Velocity aid Discharge in Open Channels, 

V= 93 VRS 
Q = AV 

Pressure in Pipes, 

H = head of water in feet. 
P = pressure in lbs. per square inch. 

P = 0-43’3 H. 

Values of French Measures. 

1 metre = 39*37 inches. 
1 kilometre = 1093*62 yards. 
1 hectare = 2 471 acres. 
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Lengths, Areas^ and Solid Contents. 

\ I. The Triangle. 

/ \ Kule I.—Area = base multiplied by 
/ \ one-half the porr^endicular; thus area 
/ \ AD 
/ \ of ABC=:BC X 2" 

L--A Rule II. (when the three sides of the 
^ ® ^ triangle are given).—From half the sum 
of the three sides subtract each side separately ; multiply 
the half-sum and the three remainders together : the square 
root of the product will be the area. 

The area is always, where possible, computed by the first 
rule. 

II. The Square. 

Rule.—Area = product of any side multiplied by itself« 

III. The Rectangle. 

Rule.—Area = length multiplied by breadth. 

IV. The Faralklogram. 

Rule.—Area =: base multi¬ 
plied by perpendicular height; 
thus area of parallelogram 
ABCD=: BC X AE. 

C V. The Trapezium. 

—--yj Rule. — Divide the trapezium 
VT / into two triangles, always taking 

Y% f.y* / the longest diagonal, and draw 
\ '\ / perpendiculars to this diagonal 
\ ”>£* / from the apex of each so-formed 
V—-'2J triangle. Then aiea = half the 
^ ^ product of the sum of the two 

perpendiculars multiplied by the diagonal; thus, area of 

trapezium ABCD=:ACx 
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VI. The Trapezoid, 

Bule.—Area one-half of the 
sum of the two parallel sides 
multiplied by the perpendicular 
distance between them; thus area 

of trapezoid A B C D = ^ 

XBE 

ft c 

0 

VII. Regular Polygons, 

Bule.— Area = half the number of sides multiplied 
by length of one side multiplied by radius of inscribed 
circle. 

A Table of Regular Polygons, 
with their names, areas, and radii of their circumscribing and 

inscribed circles, the sides of the polygons being unity. 

No. of 
Sides. Names. Areas. 

Radius of 
Circumscrib¬ 

ing Circle. 

Radius of 
Inscribed 

Circle. 

3 Triangle (equilateral) . 0-433 0-677 0-289 
4 Square ..... 1- 0-707 0-5 
6 Pentagon. 1*72 0-861 0-688 
6 Hexagon. 2-598 1- 0-866 
7 Heptagon. 1 3-634 1-152 1-038 
8 Octagon. 1 4-828 1-306 1-207 
9 Nonagon. 1 6-182 1-462 1-374 

10 ! Decagon. 7-694 1-618 1-539 
11 Undecagon .... 9-366 1-775 1-703 
12 Duodecagon .... 11-196 

1 

1-932 1-866 

Given the side, to find the area from the Table. 

Bule.—Square the side of the polygon and multiply it 
by the corresponding area in the Table. 

Given the area, to find the length of the side and the radius of 
the circumscribing circle, 

Bule.—^Divide the area of the proposed polygon by its 
corresponding area in the Table, and the square root of 
the result will be the length of its sides. Multiply the 
side just found by the corresponding radius in the column 
marked “Radius of Circumscribing Circle,” and the result 

o 
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will be the radius of the circle that circumscribes the 
required polygon. 

VIII. Irregular Polygons. 

Eule.—Divide the polygon into 
the most convenient trapeziums 
and triangles ; find the area of 
each, and the sum of these areas 
will be the area of the polygon. 

Thus area of A B C D E = area 
of triangle A E D + area of tra¬ 
pezium D A B C. 

IX. The Circle. 

Eule.—Circumference = diameter of circle multiplied 
by 3-1416. 

Eule.—Length of any arc = (nearly) one-third of differ¬ 
ence between eight times chord of half the arc and the chord 
of the whole arc. 

Note.—Half the chord of the whole arc, the chord of 
half the arc, and the versed sine (or height), are sides of a 
right-angled triangle ; so that by Theorem viii., p. 6, any 
two of these being given the third can be found. 

Eule.—Area of circle = diameter squared x *7854. 

Eule.—Area of sector of circle = half the product of 
length of arc multiplied by radius of sector. (See illustra¬ 
tion to Definition No. 26, p. 3, where area of sector C EF 

CF 
= length of arc FE multiplied by ^.) 

A 

Eule.—Area of segment of circle = two-thirds of product 
of chord and height of seg¬ 
ment added to the cube of the 
height divided by twice the 

B chord. 
C D^ 

Thus area of segment ADB = fAB x CD + 

Note.—If the segment is greater than a semicircle, find 
the area of the remaining segment and deduct from the 
whole circle. 
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X. The Ellipse (see Definition No. 37, page 5). 

Eulk.—Circumference = mean of transverse and conju¬ 
gate diameters multiplied by 3-1416. 

Eule.—Area = product of transverse diameter multi¬ 
plied by conjugate diameter multiplied by *7854. 

ZI. The Area of a Segment of a Circle^ w- any other curvi- 
lineal figure by equidistant offsets cn' ordinates, 

Eule.—If a straight line AG be a h c d e f g 

divided into any number of equal parts, 
A B, B C, C D, &c., and at the points of 
division perpendiculars or offsets be 
erected, A a, B C c, &c., to the curve 
abcdefg; then to the sum of the first 
and last offsets, add four times the sum 
of all the even offsets, and twice the sum of all the odd 
offsets, not including the first and last; multiply the sum by 
the common distance of the offsets, and one-third of the 
product will be the area, recollecting that the second, 
fourth, &c., are the even offsets, and the third, fifth, &c., 
are the odd offsets. 

If any portion of the figure is not included by an even 
number of offsets, its area must be found separately and 
added to the area found by the rule. This rule is known 
as Simpson's rule." 

XII. Solid Rectangular Bodies. 

Eule.—Solidity = length, multiplied by breadth, multi¬ 
plied by height. 

XIII. Cylinders and Prisms, 

Eule.—Solidity = area of base multiplied by perpen¬ 
dicular height. 

XIV. The Prisnwid (see illustration to Definition 
No. 32). 

Eule for Solidity.—To the sum of the areas of the 
two ends add four times the area of a section parallel to 

ABCDEFG 
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them and equidistant from each; multiply this sum by the 
perpendicular height and one-sixth of the product will oe 
the volume. 

XV- Sphere, 

Kule.—Solidity = diameter ^ x 0-5236 

XVI. Irregular Solids. 

Rule for Solidity.—Divide the figure into any even 
number of parallel and equidistant sections. Find the 
area of each section. Then add together the first area, 
twice the sum of all the other odd areas, and four times 
the sum of all the even areas. Multiply the sum by one- 
third of the length between each section. 

To find the Specific Gravity of a Substance. 

Let J'F = weight of body in air. 
Let w = weight of body in water. 

W 
Rule.—Specific gravity = 

If the substance be lighter than water sink it by means 
of a heavier substance and deduct the weight of the heavier 
substance. 

Estimation of Weight from Specific Gravity. 

Weight of a cubic foot in lbs. = specific gravity x 62-425. 



CHAPTER IIL 

GENERAL PRINCIPLES OF SURVEYING. 

Surveying is defined in the “ Imperial Dictionary as 
follows :—“ The act of determining the boundaries and area 
of a portion of the earth^s surface by means of measure¬ 
ments taken on the spot; the art of determining the form, 
area, surface, contour, &c., of any portion of the earth’s 
surface, and delineating the same on a map or plan.” 

A Plan is defined by the same authority to be “pro¬ 
perly the representation of anything drawn; a plane, as a 
map or chart.The term plan may be applied to the 
draught or representation of any projected work on paper, 
or on a plane surface, as the plan of a town or city.” 

Operations of the Surveyor.—In any survey, the 
fundamental principles are the same. There are three 
distinct operations:— 

(1) The taking of the measurements on the ground. 
(2) The protracting of such measurements on paper. 
(3) The ascertaining, from such protracted measure^ 

ments, the areas or other specific objects for which such 
survey was made. 

In proportion to the range of the survey these operations 
vary in magnitude. 

In small surveys, simple instruments, simple drawings, and 
simple calculations only are required; with the increasing 
scope of the survey, instruments advanced to a hisfher stage 
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of accuracy, systems of working more elaborate, and calcu¬ 
lations more abstruse, become necessary. 

Measurements may be taken either by linear or angular 
instruments only, or by a combination of both. 

Whatever system of measurement is adopted, there is 
one rule imperative to all. These measurements must be 
■checked and their accuracy proved by means of other 
measurements, either linear or angular. Only in the case 
of offsets (explained hereafter) is anything to rest on a 
single measurement, and if gerat accuracy is required 
supplementary measurements in this case also must be 
taken. 

The attainment of approximate accuracy in surveying 
operations is a comparatively simple matter provided a 
suitable method is employed for the particular job in hand. 
In many cases this approximate degree of accuracy serves 
the purpose for which the survey is required, and is such 
as can only be expected if the surveyor’s remuneration 
depends upon the amount of ground covered. To attain 
great accuracy the surveyor must exercise great skill, and 
the expenditure of time is inevitable. Absolute accuracy 
is unattainable, but, with modern instruments in skilful 
hands, can be so nearly approached as to serve all practical 
purposes. 

In the last few years great progress has been made in the 
manufacture and design of levels, theodolites, and other 
instruments for ordinary surveying purposes. A small 
modern instrument is at least as accurate as its forerunner 
of twice the weight and size The permanency of the 
adjustments, together with ease and convenience of mani¬ 
pulation, have all been studied to such purpose that many 
of the old patterns which have been practically stan¬ 
dardised for many years are rapidly being displaced. In 
this connection the internally focussing telescope may be 
mentioned. The power and definition of one of these 
telescopes by a good maker is altogether so superior to that 
of the older patterns of approximately twice the size as to 
be a revelation to the man who has only used the latter. 



CHAPTER IV. 

CHAIN SURVEYING, 

Chain Surveys.—Surveys of the simplest class are 
known as “chain surveys.'' This term, although not strictly 
accurate, inasmuch as the chain is used to supplement the 
more complex system of measurements, is in general use to 
denote a survey made without the assistance of angular 
instruments, but sometimes also with simple instruments of 
that description—such as the prismatic compass, the boK 
sextant, and the optical square. 

Gnnter’s Chain.—This chain is said to have been iir 
vented in 1620 by Edmund Gunter, Professor of Astronomy 
at Gresham College. The best chain is constructed of 
thick steel wire, but it can be had in iron wire. It is 66 
feet, or 4 poles, in length, and is divided into 100 parts of 
one link each, consequently equal to -i^)%ths of a foot, or 
7‘92 inches. These parts consist of a straight length and 
three oval rings, the measurement of one link being read 

from the centre of the middle ring of the one part to 
the centre of the middle ring of the next part. The 
handles of the chain are of brass, and are connected by a 
swivel joint to the wire. The first link is measured from 
the extremity of the handle to the centre of the middle 
of the first three rings. 

The accompanying sketch will show the method of reading. 
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At every 10th link from each end of the chain is attached, 
by a steel ring, a brass counter; that at the 10th link is 
oval in shape, that at the 20th has two notches, that at the 
30th three notches, that at the 40th four notches; and the 
centre of the chain, or the 50th link, is distinguished by a 
circular counter. Hence any distance on the chain can be 
easily ascertained. 

The 25th link from each end is constructed differently 
from the other links, and has a swivel joint. These swivel 
joints are inserted to prevent the parts “ kinking ” or 
becoming twisted, and at the 25th link from each end to 
facilitate the reading of the chain. 

A set of ten steel pins (called arrows), 15 inches long, is 
supplied with the chain for marking the distances measured. 
The arrows should be sufficiently strong to enter a mac¬ 
adam road without bending, and it is better to procure 
what are known as spindle arrows. 

The Chain of 100 feet.-—This chain is divided into 100 
parts of one foot each, and the construction is identical with 
that of Gunter’s chain. 

Comparative Advantages of Gunter’s Chain and 
the Chain of 100 Feet.—For measuring distances on 
estate surveys, where the computation of acreage is one of 
the main objects, the Gunter’s chain is more convenient, as 
an acre contains 10 square chains, or 100,000 links, and the 
content, as ascertained in square chains and links, can be 
readily reduced to acres and decimals of an acre merely by 
dividing by 10, thus avoiding the more laborious calculations 
necessary for reducing superficial feet. 

In plans required by Parliament for statutory under¬ 
takings, when the distances are to be stated in miles and 
furlongs, Gunter’s chain is also the more convenient, from 
its being A- of a mile and iV of a furlong. 

The chain of 100 feet is better adapted for surveying in 
towns, where widths of streets are required to be stated in 
feet and inches, and also when distances have to be taken 
in connection with levelling operations, as the measure¬ 
ments in this case, both vertical and horizontal, are set 
down in feet and fractions of a foot. 

In a given distance, also, the chain of 100 feet requires to 
be stretched less frequently than the Gunter’s chain, and 
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as there is in chain surveying, however carefully done, a 
certain inaccuracy in the measurement each time a chain 
length is measured, the inaccuracy in the total measure¬ 
ment will be the greater when Gunter’s chain is used. 

The Tape.—This is made of steel, or of linen painted and 
varnished. It can be had in various lengths, from 33 feet 
to 100 feet, but the tape of 66 feet in length is more com¬ 
monly in use. On one side the tape is divided into feet 
and inches, and on the other into poles and links. The 
steel tapes are of a standard measurement, at a temperature 
of 62° Fah., and are more reliable than the linen tapes, 
which stretch with use in dry weather and shrink after 
getting wet. A linen tape should be used with great care, 
and only in fine weather. The steel tape is very liable to 
twist during use, and consequently is very easily broken, 
and to be properly repaired has to be sent to the maker, 
but with careful use it will last a long time. 

Poles are used to mark the commencement, interme¬ 
diate points in, and end of the survey lines, and are made 
of yellow pine, shod at one end with wrought iron or steel, 
brought to a point. They are circular in section, and 
inch in diameter, tapering at the top to 1 inch. The most 
convenient size is 8 feet in length, including the shoe. 
They are painted in alternate colours, black and white, or 
red and wnite, and preferably in lengths of 2 feet. 

Flags.—When the survey is large and the extremities 
of the lines at a considerable distance from each other, it is 
often extremely difficult to distinguish the outline of the 
poles. Small red and white flags are used for tieing to 
the poles in such a case, and, moving in the wind, render 
the desired point of view more easily discernible. 

The Offset Staff, used for the purpose of measuring 
offsets (see p. 37), is similar to a ranging pole, and usually 
10 links in length. Each link is painted white, with a black 
ring at the extremity of each link. Instead of the pointed 
shoe, the offset staff is sometimes supplied with a hook at 
the end. This, it is said, is for convenience in dragging the 
chain through a fence, though a result with more precision 
can be obtained by placing the ring next the handle of the 
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chain on the point of an ordinary ranging pole, and pushing 
it through the fence. In the author’s opinion an offset 
staff specially constructed is not required, as in most cases 
a ranging rod, 8 feet long, painted as described in lengths 
of 2 feet (or 3 links nearly) is sufficient for taking oftsets 
as accurately as desired. 

Comparison of Chains and Tapes with Standard 
Measurement.--Before commencing a survey the chains 
and tapes to be used should be compared with their standard 
measurement, and, if the survey lasts more than one day, then 
this comparison should be made daily. This standard mea¬ 
surement can be obtained from a standard chain kept solely 
for this purpose; and it is also conveniently obtained by a 
surveyor setting out on the curb-stone of the footpath in front 
of his office the standard lengths of one chain of 66 feet and 
of a chain of 100 feet, placing notches in the stone at the 
extremities of such distances. In case the survey is at some 
considerable distance from the office, the surveyor, having 
ascertained that his chain is of standard measurement, 
should set out this length in the district where the survey 
is being made, similarly to that in front of his office. 

In the event of producing measurements in a court of law 
this proceeding is imperative (see the Reports of the Com¬ 
missioners for the Restoration of Weights and Measures), 
as the chain is composed of parts not welded together, 
which sometimes open out after use, and sometimes b^ecome 
bent, as in passing through fences. In wet weather also 
the chain gets shorter by dirt accumulating bet:ween the 
rings. Should the chain be too short as compared with the 
standard measurement, it will be found to arise from bent 
links, which should be hammered out straight; and if it be 
found to be too long, one or two rings must be removed 
from the chain. Any such removal of rings must be 
effected equally on each side of the centre of the chain, so 
that the fiftieth link may occupy its true position. 

Descriptive Symbols used in Surveying.—The fol¬ 
lowing are symbols commonly in use :— 
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Highway. 

jh--jt. 

Cutting. 

Building. 

Fence (ditch shown by mark T). 

JH 

(SL ^ 

^ ik 

fc 
Plantation. 

Private Road (unfenced). Railway. 

Fence. Line of Curb Stones. 

Gate. 

Rail Fence. 

Wall. Footpath* 

River or Waterooiim* 
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The Field Book.—The sketches and measurements 
taken on the ground, when survejdng, are entered at the 
time in a “ field book,” which should be paged for future 
reference. The page is usually 7^ inches long and 4 inches 
wide. Two kinds of field books are in use among sur* 
veyors—one having one line down the centre of each page 
lengthwise, and the other having two lines distant apart 
about a quarter of an inch. 

The line (or, in the second case, lines) represents the 
chain-line as set out on the ground, and is reserved for 
distances measured on it, at which observations are made, 
such as points at which hedges are crossed, or offsets taken, 
stations noted, &c. On the spaces in the field book, right 
and left of this line, those offsets and any other necessary 
observations must be entered, according as they are situated 
on the right or the left of the chain-line. The first measure¬ 
ments are entered at the foot of the page, and the others 
follow in succession towards the top. 

The field book with one line for the chain-line is the 
more convenient, and is now in more general use. It gives 
more space for the sketching, and the marking of fences 
crossing the chain-line and the intersection of survey lines 
are less confusing and more easily drawn. 

In the field book with the double column, any fence 
meeting the chain-line at an angle must not be drawn 
across the column in the field book, but be drawn on one 
side of the column and start from it on the other side at 
a point precisely opposite, as if the chain-line were of the 
thickness of the column. 

The diagrams here given (on opposite page) represent the 
two methods of entering identical measurements in the 
field book. 

All sketching should be neatly done and be accurate and 
well proportioned, the lines being firmly drawn. 

Each survey line should be begun on a fresh page. In 
case it should be necessary to add or subtract any figures 
for the purpose of the survey—such as often occurs in ascer¬ 
taining the intersection of survey lines—the figures should 
be entered at the side of the page, and the work shown in 
full in the field book. 

Buildingsare usually surveyed by taking offsets (page37) to 
the corners opposite the chain, and noting the points on the 
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chain at which the sides of the buildings, bounded by these 
points, would meet, if produced. In the figure an oflfeet of 
20 feet is taken from 60, and the side of the building 
produced would meet it in 61. In town surveying, how¬ 
ever, this method is not sufficiently accurate, and measure- 

Mf'thod mhod^n 

ments must be taken from two convenient points on the 
chain-line to the cornei’ of the building, thus forming a small 
triangle. The production of the building on to the chain¬ 
line should be noted, as in the former case. 

Method of Chaining.—Two assistants, termed the 
“ leader” and the “ follower ” respectively, are required by 
the surveyor to perform the measurement. The leader 
takes the handle of the chain in his left hand, and the 
chain itself in his right, and throws it from him in the 
direction in which the measurement is to be taken. He 
then goes to the centre of the chain and sets straight any 
twisted links, and starts with the ten arrows in his left 
hand and one end of the chain in his right, along the 
required line, while the follower remains at the starting 
point, and looking at the poles in front of him that mark 
the line to be measured, directs the leader into line by signs 
with his left hand. The leader takes an arrow in his right 
hand, holding it perfectly vertical and low down, his hand 
being practically on the surface of the ground, to insure 
steadiness, places the arrow against the end of the chain, 
and, when in perfect alignment, is told by the follower to 
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mark,” and fixes it firmly in the ground. The chain must 
now lie so that offsets and other measurements can be taken 
from it. It should be examined as it lies, to see that no 
links are bent or twisted; great care should be taken that 
the chain is perfectly straight and tightly stretched, that 
the arrow is coincident with the end of the chain, and is 
marked steadily. Inexperienced chainmen, when receiving 
the order to mark, often do so with a jerk, setting down 
the arrow a distance of one or two inches from its true 
position. The strictest accuracy is required when chaining. 

When all measurements on the length of the first chain are 
taken, the leader proceeds a second chain's length in the 
same direction, while the follower comes up to the arrow 
first put down. A second arrow being now put down by 
the leader, the first is taken up by the follower; and the 
same operation is repeated till the leader has expended all 
his arrows. Ten chains, or 1,000 links having now been 
measured and noted in the field book, the follower returns 
the ten arrows to the leader, and the same operation is 
repeated as often as necessary. 

The arrows on being exchanged must always be counted, 
both by the leader and the follower, and this observation 
applies also to the commencement of the measurement. 
When the leader arrives at the end of the line, the number 
of arrows in the follower's hand show the number of chains 
measured since the last exchange of arrows noted 
in the field book; and the number of links extend- 7000 
ing from the last aiTow to the pole at the 600 
extremity of the line, being also added, give the 83 
entire measurement of the line. Thus, if the - 
arrows have been exchanged seven times, and if 7683 
the follower have six arrows, and from the 
arrow last put down to the end of the line be 83 links, the 
whole measurement will be 7,683 links, or 76 chains 83 links. 

In using the chain, care must be taken to compare it 
with the standard measurement, as previously pointed out, 
as it will extend by use, and will therefore require to be 
shortened, but a good chain may be used for several days 
without any material extension. 

The chain is folded in four links at a time, viz., two on 
each side of the centre, at which point the folding is com¬ 
menced. Mistakes occasionally arise ill the reading of the 
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chain, owing to the brass counters being identical on each 
side of the centre, at their respective distances from it—the 
counter 40 being read for 60, or vice verm ; the counter 70 
for 30, and so on. It is always well, therefore, in reading a 
station to read the chain twice, identifying at the same time 
the position of the centre of the chain. 

Meastiring Sloping Ground.—The term “ jdan ” has 
already been defined (p. 21). In other words, a plan is a 
horizontal representation of the features of the ground. All 
measurements must therefore be reduced to a horizontal 
plane. Any undulations of the ground can be shown on 
what is known as a “section,’^ which will he explained in the 
chapter on Levelling. A plan is, therefore, not the actual 
surface of the ground, but the diminished quantity that 
would result were the whole projected on a horizontal 
plane. In rising or falling ground the slope represents 
the hypotenuse of a right-angled triangle, and is conse¬ 
quently of greater length than anothei’ side of the triangle, 
viz., the horizontal distance. 

The sloping measurements can be reduced to horizontal 
by calculation, based on the angle of the slope with the 
horizon, which, in such a case, would be observed w ith a 
clinometer, or other angular instrument. These calcula¬ 
tions are laborious, and as it seldom happens that the 
ground slopes in one angle with the horizon, each different 
angle of slope would have to be observed, and a separate 
calculation made for it. If the slope be not very steep, 
the horizontal measurement can be obtained, by holding up, 
horizontally, as nearly as can be judged by the eye, a 
part of the chain, say 25 links at a time, and allowing a 
pointed plummet to mark the measurement on the surface, 
this operation being continued until the undulating ground 
is measured. This method is known as “stepping,” and is 
recommended as being generally sufficiently accurate for 
small surveys. The steeper the slope, the less the length 
that can be measured at each holding up of the chain. 

Another method is to make an allowance, at the time of 
measuring, for the slope according to the following table, 
the angle of slope being judged by the surveyor, and the 
arrow set back the numoer of links in the table correspond¬ 
ing to the particular angle of slope. 
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Table 

showing the reducMon in links and decimals of a link 
upon 100 links for every half degree of inclination 

from 5° to 20° 30'. 

Angle. Reduction. Angle. Reduction. j Angle. Reduction. 

6° 0' 0-38 ! ir 0' 1*84 ! 16“ 0' 3*87 
30 0*46 30 2*01 30 4*12 

6 0 0-55 12 0 2*19 17 0 4*37 
30 0*64 30 2*37 30 4*63 

7 0 0*75 13 0 2*56 18 0 4*89 
30 0-86 30 1 2*76 30 6*17 

8 0 0*97 14 0 2*97 19 0 5*45 
30 MO 30 3*19 30 6*74 

9 0 1*23 15 0 ! 3-41 20 0 6*03 
30 1*37 30 3*64 30 6*33 

10 0 1*52 
30 1*67 

By this Table the trouble of computation is avoided, only 
the distance measured on each rise or fall requiring to be 
multiplied by the reduction in chains corresponding to 
the angle of each rise or fall; and the product, subtracted 
from that distance, will give the correct distance. 

Example. — A line was measured 12'43 chains, on 
ground having a rise of 8 J degrees; required the horizontal 
length of the line. 

Here to 8i°, or 8° 30', corresponds the reduction 1*10 
links, whence 

12*43 Whence 12*43 
MO 13*673 

13*6730 links 12*29*327 horizontal distance, 

in which the decimal, being less than half a link, is rejected ; 
thus making the correct horizontal distance 12*29 chains, 
or 1,229 links. 

To Erect a Perpendicular with the Chain.—Let 
a B be a chain-line, and A B the extended chain. It is 
required to erect a perpendicular to a B at B. Fix the 
end of the chain to the ground with an arrow at B; fix also 
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the 80th link of the chain, reckoning from B, at ///, 40 links 
from B; 80 links of the chain now lying slack between B 
and w. Take 
liold of the 30th 
link of the chain 
from B, and ex¬ 
tend it till it 
takes the posi¬ 
tion B11 nh, the 
portions B y/, 
of the chain « 
being pulled 
tight; then shall B n be perpendicular * to the chain-line 

B, and may be extended to any length required. This 
method is easily remembered from the fact of the sides of 
the triangle being multiples of the figures 3, 4, and 5. 

To Measure a Line impeded by an Object not 
obstructing the Sight.—Let A B 
be a chain-line, the direct measure¬ 
ment of which is prevented by the 
unforeseen obstruction of a pond, P. 

Measure A n till it reach to, or 
near to the edge of the pond, and 
fasten the ends of the chain to the 
ground with arrows at m and n, the distance m n being 
made half a chain oi' 50 links. Take hold of the middle of 
the chain, and extend it firmly, till its two halves rest in 
the positions m o, on ; thus making an equilateral triangle 
m u 0, each side of which is 50 links. In the direction m 
measure to nearly opposite the middle of the pond, as to q. 
Again, make p q equal 50 links, fasten the ends of the chain 
atjp and q, and extend its middle point to r, as before. In 
the direction q r, measure to ,s*, till q ,s be equal to m, q. Then 
s will be in the line A B, and m s t will be equal to in q or 

* Since the parts B «, n m of the chain are together 80 links, of which 
B « is 30, the reniHinder « m is therefore 50 ; also B m was made 40 ; 
whence 40^ 30'^ ” 60®, that is m B® q- B r/® ” m «®, therefore by 
Euc, I. 47, B is perpendicular to B m, or w B w is a right angle. 

t Because the triangles m no, pq are both equilateral, the angles 
at m and q are each 60^ or one-third of two right angles ; whence by 
Theorem IV. the angle at s is also 60°; therefore all angles of the 
triangle, and consequently its sides, are equal, that is, m qz:z q szzim s. 

L 
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(j s, which being added to A m will give the distance A s. 
Offsets being taken to the margin of the pond, during the 
measurement of the lines vi q, q ,s*, the measurement from s to 
B may be continued. 

To Measure a Ziiue impeded by a^n Object ob- 
structiniT the Sight, as a Building.—Let A B be a 
chain-line, the measurement of which is prevented by the 
building C, but on which points can be set out in line with 

B as fai' as the side of 
the building nearest A. 

At ???, 4 or 5 chains 
from the building, take 
a perpendicular mn, of 
such a length that the 

line 7is may clear the building B. At or near the building 
take another perpendicular p q, exactly erpial to inii (these 
perpendiculars ought to be measured with the chain or tape), 
and poles being put up, truly vertical at n and q, measure 
qs u in the direction if q of the poles, taking offsets to the 
building till it be cleared at .s*. Now on the line q ?/, at 
the distance .s w, at or about equal to mp, erect the per¬ 
pendiculars s r, n each exactly etpial to m ii or p q^ fixing 
poles, truly vertical, at r and t. These poles are in the 
true direction A B, and the measurement of the line may 
now be continued from rto B, after adding the distance qs 

(which is equal to pr) to A/;. 
If the building or other object only 

protrude a few links over the line, the 
perpendiculars m n, p ry, s r, &c., may 
be erected by the offset-staff, as nearly 
correct as can be judged by the eye, 
and the results should be sufficiently 
accurate. * 

To find the Width of a Biver 
which is too wide to be measured 
across with the Chain.—Let A B be 
the chain line crossing a river, situated 
between o and p, two points on the 
chain line and near the river on oppo¬ 

site sides. A pole leing fixed at^, on A B lay off o n, nm^ 
each equal 50 links and with the ends of the chain suc- 

♦ note at end of Chapter. 
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cessively fixed at e, and at n, m, lay down the equilateral 
triangles o q 7i, n r m, as previously shown, poles being 
fixed at 71, y, and r. In the two directions ])(j^ n r, fix a 
pole at .«{, and measure the distance r.s* accurately with the 
tape to one-eighth of a link. Then by the similar triangles 

qoq^j we shall have r.s' : (/r : : oq : of. 
But q 7' ■==. oq ~ 0n — 50 links, therefore, rs : on : : 

0 n : op j therefore 

__ o'a" _ 50‘^ _ 2500 

r s r s r s 

And TH having been carefully measured the distance op 

becomes known. 

Rule.—Divide 2500 by the distance r h, and the quotient 
wdll be the breadth of the river, or the distance op, which 
must be added to A 0 to give the distance Ap. 

E.awiple.—Required the breadth of a river by this method, 
when r .s measures 15 links. 

2500 
Answer = -- -- = 166| links. 

Theory of Triangulation.—The definition of “ triangu¬ 
lation,according to the “Imperial Dictionary,’^ is “the act 
of triangulating, the reduction of the surface of an area to 
triangles, for purposes of a tiigonometrical survey.” Tri¬ 
angulation is also the primary principle of chain surveying. 

In a trigonometrical survc}^ one side of a triangle is 
measured, and the angles included between this side and 
the other sides of the triangle observed. The length of 
these sides can then be computed by trigonometry. In 
a chain survey the three sides are measured. In both 
cases, from these data the triangle can be laid down on 
paper. The principle is enunciated in Euclid, I. 7 (see 
Theorem I., page 5), which sets forth that “ upon the 
same base and on the same side of it, there cannot be two 
triangles that have their sides which are terminated at one 
extremity of the base equal to one another, and likewise 
those which are terminated at the other extremity equal to 
one another.” From this it will be seen that, the sides 
being constant, the form and position of the triangle are 
fixed and unalterable. 
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Practical Application of Chain Triangles. Survey 
Lines.—The area to be measu ed is included within 
an imaginary triangle, or a series of imaginary triangles. 
The lines forming the sides of the triangle or triangles 
are measured with the chain, and, as well as others 
so measured, are known as “survey lines.’’ All survey 
lines should pass as near the objects or boundaries of the 
area to be surveyed as practicable, so as to avoid the use of 
long offsets, and so as to include the whole, or as much as 
possible, within one large triangle or a system of large 

triangles. The base of the triangle, or of the main system 
of triangles, should be ai ranged to extend throughout the 
whole length of the survey, wherever circumstances will 
allow it. This line (or base) is called the “base line.” 

Care should be taken in setting out the triangles to form, 
so far as the nature of the ground will admit, well-condi¬ 
tioned triangles—that is, not having very acute or obtuse 
angles, and the sides consequently not very unequal. The 
nearer to the equilateral form the \>etter the triangle, and, 
in the case of an error of measurement in one of the sides, 
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the less the alteration of the figure of the triangle from 
the true form. 

Check Lines.—The skeleton lines of the survey having 
been measured, it is necessary to prove their accuracy 
by means of further measured lines, termed “ check or 
“ tie ” lines, and this is best attained by lines measured 
from the apex to the base 
of each triangle. These 
lines should, if possible, 
form an angle with the 
base of from 60° to 90°. 

Where lines from the 
apex are not available, 
owing to the nature of 
the ground, the triangle 
may be checked by lines 
measured across the ad¬ 
jacent sides of any two 
angles as the lines I) K and 
F G in the triangle A B C. B E C C 

Filling in. Offsets.—The fences, surface details, and 
features of the ground included within the skeleton of the 
survey, are measured by “ offsets ” from lines run within the 
interior of the triangles known as fiUing-in lines. An offset 
is the distance measured at right angles from the chain to 
the point which it is desired to reproduce. 

As stated above, the survey lines should be so arranged 
that the offsets may be as short as possible. Generally 
speaking, a limit of 20 to 30 links should not be exceeded, 
except for plans to be drawn to a small scale, such as six 
chains to the inch. On the Ordnance Survey the offsets 
were limited to 20 links for the a 6^0 niap, or map of 25*344 
inches to the statute mile, and to 80 links for the 
map, or map of six inches to the mile. 

The main filliiig-iii lines should be run between fixed 
points on two of the skeleton lines of the survey, and 
all filling-in lines must be self-checking when laid down on 
paper. The check lines can often conveniently be set out 
as filling-in lines. 

Diagrams to Illustrate Chain Surveys.—In the 

A 
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diagram on page 36, the survey lines are shown by dotted 
lines; and to make the matter more easily intelligible, the 
base line, the sides of the main triangles, and check lines 
only, are numbered, although in practice the filling-in lines 
would also be numbered. It will be noticed that lines 
2, 3, 4, and 5 pass for some portion of their length into 
lands adjoining that which it is required to survey. 

The base line is measured from A to B, line 2 from B to 
C, and line 3 from C to A. This completes the first triangle, 
which, however, is not yet checked. line 4 is measured 
from A to D, and line 5 from D to B. This completes the 
second main triangle. A check line is now measured from 
D to C, crossing the base line in E, verifying the two 
triangles. It will be seen that the lines mw, rs are pro¬ 
longed beyond the system of main lines to survey the part 
on the right of line 2. It happens on occasions that the 
shape of the ground is such as to prohibit, without exces¬ 
sive labour, the whole area being included within one or 
more triangles. In such cases the lines along the boun¬ 
daries must be run between points determined by chain 
triangles, and the framework will then probably consist of 
a combination of triangles and trapeziums. 

The system of main lines adopted by the author in 
the survey of the ]>;u’is]i of Woolbeding, in the county of 
Sussex, was the following, the base line AB being about 

five miles in length. In this figure the interior fences and 
secondary linos of the survey are not drawn, as their great 
number would confuse the student; the author's object 
being to present a proper system of fundamental lines for 
the survey in question. 

The parish of Lodsworth, in the same county, presents 
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another variety of shape. 
The base line A B (see figure 
below) was nearly seven 
miles in length. 

Inspection of Ground. 
Setting Out.—In order to 
ascertain the best position 
anti obtain a clear course, 
as free from obstacles as 
possible for the survey 
lines, it is first necessary to 
walk over and examine the 
ground. If the survey is 
large, a tracing from the 6" 
or 25" Ordnance Map will 
be useful, on which to mark 
the intended survey lines. 
In the event of no tracing 
from an existing map being 
available, the surveyor 
should make a rough sketch 
of the area, and mark his 
lines on it. Conspicuous 
objects, as, for instance, the 
corner of a church tower, 
on which lines can be 
directed if required, should 
bo noted, and all lines 
should be ranged out per¬ 
fectly straight, the j)oles 
being set up exactly per- 
[>endicular. Should the 
lines be of considerable 
length, they may be set 
out by means of a field- 
glass, care being taken that 
the axis of the instrument 
is in true alignment. 

Stations. Pegs.—The 
commencement of a survey 
line, its junction with 
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another line, and any other points the surveyor may desire 
to fix on the chain line on the ground, are known as 
‘‘stations,” and are conventionally shown in the field book 
by an oval sign surrounding the measurement, thus ( 2225 ). 
A peg should be placed at each station, and in case a pole 
is required at the station, it must be set up behind the peg. 
The peg should on no account be removed. Pegs may 
conveniently be 15'" long, square, and sharpened at one 
end. They should be driven into the ground so that the 
top of the peg may be about 11 inches above it. 

General Observations.—When a survey is made for 
a finished plan, all buildings, roads, rivers, ponds, foot¬ 
paths, gates, fences, and the like, should be noted down. All 
survey lines should be numbered consecutively, the base 
line being line 1 where possible, and the direction of the 
north with reference to it should be taken with a pocket 
compass, and noted in the field book. When all the lines 
forming the skeleton of the survey, and the tie lines, have 
been measured, they should be plotted on paper, in onler 
that their accuracy may be checked, before the filling-in 
lines are proceeded with. 

On an extensive survey, more than one surveyor with his 
assistants can with advantage be employed, each surveyor 
taking a separate portion of the triangulation, and being 
furnished by the chief surveyor with a copy of his field 
book relating to the main lines on which the particular 
portion abuts. 

Boundaries.—The boundary of the estate measured 
ought to be carefully observed, and enquiry made with 
respect to it, as custom varies in different parts of the 
country. 

All measurements should be taken to the centre of the 
roots or “ quicks ” of the fence, and an allowance made for 
the ditch when estimating the area. In some parts of the 
country an allowance is made of 4J links (or 3 feet), and 
in others of 6 links. 

The following illustrations show the cases of boundaries 
commonly met with. 

In the first illustration A’s boundary is the distance 
allowed by custom, 3 feet in this particular part of the 
country (Lancashire), from the centre of the quicks to 
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include the ditch, the soil from the ditch being excavated to 
form a “cop or bank on which to plant the thorns. In 

laci 

the other illustrations the boundary is the centre of the 
quicks. 

On an estate plan the fences belonging to the estate are 
usually marked thus _I_, the mark T indicating 
the position of the ditch. 

Simple Surveys.—In the examples given below, a field 
book with two columns for the chain-line is used, as examin¬ 
ation questions are often stated in that way. In ordinary 
practice the field book with one line is more useful, as 
explained on page 28. For the same reason the long off¬ 
sets appearing in some of the examples are inserted, 
although in practice, as already stated, they should not 
exceed 30 links, except for plans drawn to a small scale. 

I. Triangular fieMs.—When a triangular field is to be 
surveyed, set up poles at each corner, and measure lines 
near each side, taking the offsets and leaving? stations in at 
least two of the lines. Enter their distances in the field 
book, and measure the distance between the two stations for 
a proof-line. Where no obstacle to prevent direct measure¬ 
ment intervenes, one only may be left in one of the lines, 
which may be connected with its opposite angle for a proof¬ 
line, as the line C D. 

Example.—Required the plan of a field from, the follow¬ 
ing dimensions;— 
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C 

When the triangle A B C is 
constructed, the proof-line m n 
will be found to measure 384 
links, if there has been no 
error in the work: but if 
when measured from the plan 
it does not exactly, or within 
the limit of 1 link, agree with 
that measured in the field, 
some error has been made, and 
the work must be repeated. 

Proof 
From 

to © n 1 
384 
© m ' 

O 71 

to 0 A i 
11^44 i 
700 1 

L. 0 0 I 

to © C 
852 

L. ©B 

© w, 
From 

to OB 
1338 
1000 
600 

O A ; 

line 

; range E 

II. Four-Med fields. — When a field has four sides, 
measure lines near them, taking the offsets ; also measure 
both the diagonals, one of which will serve as a base in 
plotting the work, and the other for a proof-line ; or the 
proof-line may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is 
prevented by obstructions. In such cases it will be sufficient 
to measure tie-lines across two of the angles of the trape¬ 
zium, at the distance of from two to five chains from each 
angle, according to the size of the field. These tie-lines, 
with their distances from the angles on the main lines, will 
be found sufficient for planning the lines and proving them 
in small fields. But when the main lines that include the 
chief part of the ground to be measured are of considerable 
length, as from 30 to 40 chains, it will be necessary to take 
the tie-lines at least 10 chains from the angles, across which 
they are measured; for a small error, in laying down the 
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plan with short tie-lines, will cause the main lines to devi¬ 
ate considerably from their true position when prolonged. 

However, it sometimes happens that long tie-lines cannot 
be obtained, in consequence of obstructions. In such cases 
the tie-line must be carefully measured to even one-fourth 
of a link; the distance of each tie-line from its angle and 
the tie-line itself must then be all multiplied by four, thus 
throwing fraiitions out of the question, and with the three 
lines, thus increased, the triangle determining the position 
of an angle of the trapezium may be accurately constructed. 

The proof-line and its distances from its angle must be 
similarly treated, that the accuracy of the work may be 
fully established. 

Emmple 1.—In the annexed 
figure the lines A B, B C, C D, 
D A are measured, stations be 
ing left at p, q and r, and their 
respective distances on the lines 
noted in the field book, thus 
furnishing the following method 
of laying down the plan. 

On A B, as a base, take Ap 
= given distance, and with the 
distances A r, p r, and centres 
A and p describe arcs cutting in 
r ; then prolong A r, and lay ofi' 
thereon the given length A D. 
In the same manner construct 
the triangle p B and make B C = it8 given length. Lastly, 
join D C, which must be of the length shown in the field 
book, otherwise there has been some mistake, eitlier in the 
measurement or in laying it down. Should this be the case, 
the whole of the work, firstly on the plan, and secondly in 
the field, must be gone over again till the error be dis¬ 
covered. 

Example 2.—Required the plan of a straight-sided field 
from the following dimensions :— 
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Ill, Fields having more than four sides.—Various methods 
will suggest themselves to the surveyor for taking lines 
to lay down a field that requires more than four main 
lines to take its boundary. A few methods only of surveying 
fields of this kind will, therefore, be presented ; although 
their variety of shape is such that no general rule can 
be given for laying out, on the ground, lines tba-t will 
give an accurate plan. 

Example 1.—Here 
a field of five sides 
is surveyed by the 
same number of lines, 
viz., AB, B C, CD, 
D m, and A the last 
two intersecting in E. 
These lines evidently 
constitute a decisive 
proof among them¬ 
selves, and all of them 
are available in tak¬ 
ing the boundary. 

In surveying this field (poles being fixed at A B C D 
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and E), commence close to the river’s edge, in the line A B 
prolonged backwards, enter the offsets and the station A in 
the field book. On arriving at © m, in the direction E D, 
enter its distance, and so on to 0 B, measuring the line to 
the fence ; from B proceed to C, in like manner, measuring 
beyond the station to the fence. The place of the 0 n is 
to be noted, on arriving in the direction E A, while measur¬ 
ing CD. D 7?m‘s next measured, the place of the qE 
being noted. Lastly, measure A 7i, entering the place of 
the O E a second time, all the offsets being supposed to be 
taken during the ojieration. 

Construefion of the plan.—Select the distances A /??, A E 
and hi m from the field book, and with them construct the 
triangle A m E, prolong the sides to their entire lengths, 
up to the boundaries, and fix the places of the stations B 
n and D. Now, if the measured length of D n just fits be¬ 
tween D and ?/,, the work is right with resjiect to the triangles 
A E ni, E D n. Lastly, prolong Un to the © C, and if the 
distance from thence to the © B be the same as shown by 
the field book, the whole of the work is right. But if the 
distance 1) n does not agree, the work must be examined 
from the beginning ; if only the distance B C fails, then 
only that distance and the portions w B, C need be ex¬ 
amined. 

Emmple 2.—In the annexed figure, A 7?^ D B C E is a 
seven-sided field (or, rather, is resolvable into a seven-sided 
field for surveying) ; pj q 
one of the sides C E 
is straight, and the 
fence A w D 7?. B is too 
much bent to be taken 
by one line crossing 
and recrossing it with 
offsets taken to the 
right and left. The 
lines here required are 
only six, viz., E C, 
A B, B C, C D, D E, and E A, which may be measured con¬ 
secutively. The stations m and n in A B, being carefully 
noted in the field book, give at once the means of laying 
down the plan, and proving its accuracy. To plot the work, 
lay down the line A B; the triangle mnJ) should be then 
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laid down, and its sides D m, D n, prolonged to the stations 
C and E, from whence the lines C B, E A, must respectively 
reach the points B and C, and the line C E equal the mea¬ 
sured distance to confirm the accuracy of the Avork. This 
done, the offsets on the sever al lines may be laid off, through 
which the fences are to be drawn. 

Example 3.—This figure comprises two fields by the side 
of a river; each field, for the purjroses of surveying, may 
be considered a five-dded field. The five lines A B, B 0, 
C m, 71E, and E A, are found amply sufficient to accomplish 

an accurate survey, in consequence of the three fences 
terminating at the river being straight; their positions are 
determined by the intersections of the surveying lines, the 
middle fence by three intersections, and the two end fences 
by two intersections and one offset each, thus proving the 
accuracy of their positions. The two main triangles of the 
survey, viz., ArtE, ruBO, mutually prove one another by 
the intersection at the station D. 

In laying down the figure, the largest triangles ought to 
be laid down first, and the accuracy of the plan will be 
shown by the agreement of the © D with the proper inter¬ 
section of the lines C 77h, E n. 

Example 4.—Kequired the plans of two straight-fenced 
fields, each having five sides, from the following field notes ; 
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To Survey a Small Estate, divided internally by 
Straight Fences.—A small estate, of a form nearly tri¬ 
angular, is divided into six fields by four straight fences, 
as shown on the annexed plan. 

The survey is commenced at A, by measuring the line A D, 
taking the offsets, and leaving stations at the crossing of 
these fences at B and C. The line I) E is now measured, also 
crossing two of the straight fences. From the O E the line 
E A is measured, leaving stations at the hedge-crossings 
F and G: thus completing the triangle ADE. Next, the 

line B G is measured, close to the straight fence B G, and 
crossing the straight fence a b. 

Lastly, the line P'* C is measured, again crossing the 
straight fences a b and co: a station being left at m, 
about a chain's distance from o, and one chain measured 
close by the fence o c to n, and from thence to O m : thus 
completing the survey. The position of the straight fence 
a b is proved to be connect by the crossing of three of the 
lines of the survey, viz., B G, F C, and D E; the crossings 
made by these three lines on a ft, must be in a straight line 
on the plan, otherwise there has been an error in the field 
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notes. The straight fence o c has only two crossings by the 
survey lines F U, D E, its position is, therefore, not duly 
proved to be correct without the tiedine m ?/, measured in 
the manner already stated. 

Thus the survey of six fields may be made, and its 
accuracy proved, ])y five lines with two short tie lines m n 
and n o, Avhich may be regarded as mere offsets. 

Woods, Lakes, and Swamps.—When woods, lakes, and 
swamps are re(piired to be surveyed a system of lines must 
be adopted for each case, so combined by triangulation as to 
prove their accuracy when laid down on paper. If the wood 
or other inaccessible space (as far as measuring is concerned) 
be either triangular or very nearly so in shaire, the three 
sides of a triangle will compass it, which may be pi'oved by 
tie-lines at its corners, if the wood or lake will admit them 
of sufficient length ; Inrt if not, any two of the sides of the 
triangle may be prolonged for this purj)ose, offsets being 
taken to the boundary of the wood or lake in the usual way. 

Example 1. —Here the tlu'ee sides of the triangle A B C 
enclose a lake or* lar’ge pond, offsets being taken therefrom 
to the margin of the water*. The accuracy of the work is 
proved by the tie-lines q and r 5, or, if these lines be too 

short, the sides A B, C B may be prolonged to m and n, 
till B B n, each equal about one-third of A B, and the 
tie-line, m w, being measured, as well as the line r s, will 
prove the accuracy of the work. 

Example 2,—The annexed figure shows the survey of a 
wood, which is effected by the four main lines A B, B C, 

E 
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C I), D A, the first line beiniij prolonged to and stations 
being left at n, and q for the tie-lines m f q. 

It scarcely need be added that when the linos A B, AD, 
B C, are laid down by the help of the two tie-lines, the 
line C D will exactly fit in, if the work has been accurately 
done. 

Example —Kequired the plan of a wood from the 
following field notes, two of the fences of the wood being 
straight. 
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As a general rule for surveying woods and lakes, the 
following may be given :—Measure as many lines round the 
boundary to be surveyed as will surround it, and tie all the 
angles, except the two last, as in the preceding examples. 
There will thus be obtained a system of lines that will prove 
among themselves, as the last measured side will just reach 
from the last station to the fii’st, if the work lias been done 
with accuracy. 

The outlines of woods, &c., are so various, however, that 
it would not be advisable in every case to adhere to this 
method; much must, therefore, be left to the skill of the 
surveyor. 

In the southern counties of England, for instance, where 
coppice wood is sold by the acre for fuel, it is very 
frequently required to survey a portion of a wood (the 
coppice being cut down, and the large timber still standing). 
In such cases, the lines must be taken within the space to 
be surveyed (as the adjoining uncut coppice prevents their 
being taken outside), and be ranged among the growing 
timber as well as they can, and the tie-lines taken through 
the most convenient openings left hy the trees. 

Surveys of this kind are called frarersf^ surveys, and (it 
may be proyier to add) are best i)erfoime<l with tlie help of 
the prismatic compass, or the box sextant, which—these 
surveys being always of small extent—are sufficiently ac¬ 
curate for the pur^iose. 

Survey of the Grange Estate.—The plan (Plate I.) 
and a copy of the field book (Plate 11.) relating to this 
estate are given in the appended plates. 

It will be seen that the three angles of each of the 
triangles A C B, G F E, are given. This is not strictly 
necessary, as the sides of the triangles were all measured, 
but the angles were taken by the author when surveying 
this estate for the purposes of the preliminary work re¬ 
quired for the examination of the Institution of Surveyors. 
Some of the minor filling-in lines have been omitted, and 
it will be noticed that in the plan all the fences appear as 
thorn fences, although some were rail fences and are shown 
as such in the field book. This has been done to render 
the plan more simple. 

Generally, it will be seen that the survey consists 
of the skeleton triangles A C B and GEE. The first 
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named triangle is checked by line (4) and is also checked 
by part of line (8), the second by lines (7) and (8). The 
triangle G F E will be seen to be well conditioned, whilst 
the figure of the other is not as uniform. 

Beginning at point A, line (1) was first carefully measured 
to B, pegs being left at all stations. Lines (2) and (3) and 
the check line (4) were then done, and this work plotted in 
the office before proceeding further. The liiies (6) (6) (7) 
and ^8) were then measured, and plotted as before. Their 
measurements being found to be correct, the fillingdn lines 
were measured. The angles were taken at the compleuon 
of the linear measurements. The copy of the field book 
will render the system of taking and booking measurements 
easily intelligible. 

Note.—The method described in the text of continuing 
the measurement of a line impeded by an object, such as a 
building, is only intended to apply in cases where the line 
is required but for a short distance beyond the obstruction. 
In actual practice small errors in setting out the right angles 
and in measuring the distances, together with small errors 
in sighting the various poles, may so affect the alignment 
beyond the impeded point as to render the whole line 







CHAPTER V. 

INSTRUMENTS FOE ANGULAR MEASUREMENT, 

Magnetic Variation of Declination of the Com¬ 
pass.—The angles with the prismatic compass, and also in 
one method of using the theodolite, are, as will be shown 
hereafter, observed with reference to the magnetic meridian, 
as indicated by the needle of the compass. 

The needle does not point to the true meridian or geogra¬ 
phical North, owing to terrestrial magnetism, but forms an 
angle with it, known as the magnetic declination, or variation 
of the compass. 

This angle varies according to locality, as well as daily and 
yearly. In 1.580 the angle was 11° 15' E., in 1G57 0°, in 
1818 it was 24° 38' W., and at the present time (December, 
1897) the mean magnetic variation is, as supplied by the 
courtesy of the Astronomer Royal, 16° 44' W. 

Since this variation will affect equally, or nearly so, all 
azimuths observed within a limited extent and during a 
limited time, the angles subtended by any two of the 
objects observed, being the difference of their azimuths, 
will not be affected by the variation ; and hence 
the map or plan may be constructed with all 
the objects in their proper relative positions, 
but the true meridian must first be laid down 
on the map, if required, by making allowance 
for the variation. 

The Cross-staff.—The cross-staff can be had 
in more than one form, but it is commonly 
made of brass, octagonal in section, with a socket 
for fastening on to a staff to fix in the ground. 
Six of the faces have a sight-slit sawn in them, and two 
have an opening with a vertical hair. The illustration will 
make the instrument easily intelligible. 
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This instrument is used (though only rarely) for setting 
out right angles on the ground, and it will be seen that 
angles of 45° can also be set our with it. It is at the best 
unreliable, owing to the lino of sight availalde being short. 
Its use has now been practically superseded by the optical 
square described below. 

The Optical Square.—For the purpose of measuring 
long perpendiculars this instrument is now very generally 

used. It consists of a small circular box 
containing two mirrors fixed permanently at 
an angle of 45^ to each other, so that any 
two olqocts seciii in it, the one by direct 
vision and the other by reflection, subtend 
at the place of the ol)server an angle of 90^. 

To ascertain t he point on the chain-line, at which a line 
from an object right or left will be perpendicular to it, the 
observer looking through the instrument in a direct line 
towards the poh^ or station in front of him, walks along the 
chain until the image of the pole or fiag set up at the 
object from which tlie perpendicular is desired appears to 
b(} coincident with the forward object. Tliisis the point at 
which a line from the object will be perpendicular to the 
chain-line. If it is desired to set up a perpendicular from a 
given point on the chain-line, the observer, looking towards 
the forward station, as before, directs his assistant right or 
left until the pole of the assistant appears coincident with 
the forward station. 

The Friamatic Compass.—With this instrument hori¬ 
zontal angles can be observed with great rapidity, and, when 
used with a tripod stand, with a considerable degree of 
accuracy ; it is, therefore, a useful instrument for filling in 
Dhe details of an extensive sm’voy, after the principal points 
nave been laid down by means of observations, made with 
the theodolite, hereafter to be described. It was used for 
this purpose by the Ordnance surveyors. 

C is a compass card, divided usually to every 20', or third- 
part of a degree, and having attached to its under side a 
magnetic needle; n is a spring, which, being touched by 
the finger, acts upon the card and checks its vibrations, so as 
to bring it sooner to rest, when making an observation. S 
is the sight-vane, having a fine thread stretched along its 
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opening, which is to cut the point to be observed by the 
instrument. The siglit-vane is mounted upon a hinge- 
joint, so that it can be turned down fiat in the box when 
not in use. P is the prism, attached to a plate sliding in a 
socket, and thus admitting of being raised or lowered at 
pleasure, and also supplied with a hinge-joint, so that it 
can also bo turned down into the box when not in use. In 
the plate to which the prism is attached, and which projects 
beyond the })i‘ism, is a narrow slit, forming the sight 
through which the vision is directed when making an obser¬ 
vation. On looking through the slit, and raising or lowering 
the prism in its socket, distinct vision of the diA’isions on 
the compass card, immediately under the sight-vane, is soon 

obtained; and these divisions, seen through the prism, all 
appear, as each is successively brought into coincidence with 
the thread of the sight-vane by turning the instrument 
round, as continuations of the thread, which is seen dis¬ 
tinctly through the part of the slit that projects beyond the 
prism. 

The method of using the instrument is as follows :—the 
sight-vane S, and the prism P, being turned up on their 
hinge-joints, as represented in the figure, hold the instru¬ 
ment as nearly in a horizontal position as you can judge, or, 
if a tripod stand be used, set it as nearly as you can in a 
horizontal position by moving the legs of the stand, that 
thence the card may play freely. Eaise the prism in its 
socket till the divisions on the card are seen distinctly 
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through it, and, turning the instrument round, until the 
object to be observed is seen through the portion of the 
slit projecting beyond the prism, in exact coincidence with 
the thread of the sight-vane, bring the card to rest by 
touching the spring n ; and then the reading at the division 
upon the card, which appears in coincidence with the pro¬ 
longation of the thread, gives the magnetic azimuth or bear¬ 
ing of the object observed, or the angle which a straight 
line, drawn from the eye to the object, makes with the 
magnetic meridian. The magnetic azimuth of a second 
object being obtained in the same manner, the difference 
between these two azimuths is the angle subtended by the 
objects at the place of the e^^e, and is quite independent of 
the error in the azimuths, arising from the slit in the pi ism 
not being diametrically opposite to the thread of the sight- 
vane. As the reading is made on the side of the card 
nearest the prism, the figures on the card are engraved from 
right to left. 

For the purpose of taking the bearings of objects much 
above or below the level of the observer, a mirror K is 
supplied with the instrument, which slides on and off the 
sight-vane S, with sufficient friction to remain at any part 
of the vane that may be desired. It can be put with its 
face either upwards or downwards, so as to reflect the 
images of objects above or below the horizontal plane of the 
eye of the observer. If the instrument be used for obtain¬ 
ing the magnetic azimuth of the sun, the dark glasses D 
must be interposed between the sun’s image and the eye. 

There is also an arrangement not shown in the figure, by 
touching which a little lever is raised and the card thrown 
off its centre ; as it always should be, when not in use, as 
the constant playing of the needle would wear the fine 
steel point, on which it is balanced, and the sensibility of 
the instrument would be thereby impaired. The sight- 
vane and prism being turned down, a cover fits on the box, 
which is about three inches diameter, and one deep; and the 
whole being packed in a leather-case, may be carried in the 
pocket without inconvenience. 

The Box Sextant.—This instrument, which is equally 
portable with the prismatic compass—forming, when shut 
up, a box about three inches in diameter, and an inch and a 
half deep—will measure the actual angle between any two 
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objects to a single minute. It requires no support but the 
hand, is easily adjusted, and, when once adjusted, seldom 
requires re-adjusting. 

When the sextant is to be used, the lid E of the box 
is taken off* and screwed to the bottom, where it makes a 
convenient handle for holding the instrument; the tele¬ 
scope, T, being then drawn out, the instrument appears as 
shown in the figure. A is an index arm, having at its 
extremity a vernier, of w^hich 30 divisions coincide with 
29 divisions on the graduated limb I /, and the divided 
spaces on the limb denote each 30 minutes, or half a degree, 
the angles observed being read off* by means of the vernier 
to a single minute. (The principle of the vernier is described 
at the end of this chapter.) The index is moved by turning 
the milled head B, which acts upon a rack and pinion within 

the box. To the index arm is attached a mirror, called the 
index glass, which moves with the index arm, and is firmly 
fixed upon it by the maker, so as to have its plane accu¬ 
rately perpendicular to the plane in which the motion of 
the index arm takes place, called the plane of the instru¬ 
ment ; this plane is evidently the same as the plane of the 
face of the instrument, or of the graduated limb 11. In the 
line of sight of the telescope is placed a second glass, called 
the horizon glass, having half its surface silvered, and which 
must be adjusted that its plane may be perpendicular to the 
plane of the instrument, and parallel to the plane of the 
index glass, when the index is at zero. The instrument is 
provided with two dark glasses, which can be raised or 
lowered by the little levers seen at d, so as to be interposed, 
when necessary, between the mirrors and any object too 
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bright to be otherwise conveniently observed, as objects in 
the direction of the sun. The eye-end of the telescope 
is also furnished with a dark glass, to be used when 
necessary. 

To see if the mstrumeni he in perfect adjustment.—Place the 
dark glass before the eye-end of the telescope, and looking 
at the sun, and moving the index backwards and torwardsa 
little distance on either side of zero, the suiVs reflected 
image will be seen to pass over the disc, as seen directly 
through the horizon glass, and if in its passage the reflected 
image completely covers the direct image, so that one perfect 
orb is seen, the horizon glass is perpendicular to the plane 
of the instrument: but, if not, the screAv at a must be 
turned by the key k till such is the case. The key A* fits the 
square heads of both the screws seen at a and h, and fits into 
a spare part of the face of the instrument, so as to be at 
hand when wanted. This adjustment being perfected, 
bring the reflected image of the sun’s lower limb in exact 
contact witli the direct image of his upper limb, and note 
the reading of the vernier; then move the index back beyond 
the zero division of tiie limb, till the reflected image of the 
sun’s upper limb is in exact contact Avith the direct image of 
his lower limb, and, if the zero of the vernier be now exactly 
as far behind the zero of the limb, as it was at the former 
reading in front of it, the instrument is in ])erfect adjust¬ 
ment ; but, if not, half the difference is the amount of error, 
which must be corrected by applying the key k to the screw 
at h, and turning it gently till both readings are alike, each 
being made equal to half the sum of the two readings first 
obtained. When this adjustment is perfected, if the zeroes 
of the vernier and limb are also made exactly to coincide, 
the reflected and direct image of the sun will exactly coin¬ 
cide, 80 as to form but one perfect orb, and the reflected and 
direct image of any line, sufficiently distant not to be affected 
by parallax, as the distant horizon, or the top or end of a 
wall, more than half a mile distant, will coincide so as to 
form one unbroken line. 

To obtain the angle subtended by hvo objects in, or nearly in, 
the same horizontal plane.—Hold the sextant in the left hand, 
and bring the reflected image of the right-hand object into 
coincidence with the direct image of the left-hand object, 
and the reading of the instrument will give the angle between 
the two objects. 
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To obtain the angle subtended by two objects in, or nearly in, 
the same vertiml pkme.—Hold the instrument in the right 
hand, and bring down the reflected image of the upper 
object by turning the milled head B, till it exactly coin- 
ci(les with the direct images of the lower object, and the 
reading of the instrument will give the angle between the 
two objects. 

It will be seldom that the surveyor need pay any atten¬ 
tion to the small error arising from parallax, but, should 
great accuracy be desirable, and one of the objects be distant 
while the other is near, the parallax will be eliminated by 
observing the distant object by reflection, and the near one 
by direct vision, holding the instrument for this purpose 
with its face downwards, if the distant object be on the left 
hand. If both objects be near, the reflected image of a 
distant object, in a direct line with one of the objects, must 
bo brought into coincidence with the direct image of the 
other object, and the parallax will thus be eliminated. 

For the purposes of surveying, the horizontal angles 
between objects are chiefly required, and the reduction of 
those angles from the actual oblique angles subtended by 
the objects, would be a troublesome process. If the angle 
subtended by two objects be large, and one be not much 
higher than the other, the actual angle observed will, how¬ 
ever, be a sufficiently near approximation to the horizontal 
angle required ; and if the angle between the two objects 
be small, the horizontal angle may be obtained, with sufficient 
accuracy, by taking the difference of the angles obsen^ed 
between each of the objects, and a thii d object at a con¬ 
siderable angular distance from them. With a little practice 
the eye will be able to select an object in the same direction 
as one of the objects, and nearly on a level with the other 
object, and the angle between this object and the object 
selected will be the horizontal angle required. 

For laying off long offsets, or perpendicular distances from a 
station line,—The pocket sextant is a most convenient instru¬ 
ment for this purpose : for by setting the index to 90*^, and 
walking along the station line, looking through the horizon 
glass directly at the further station staflP, or any other re¬ 
markable object on the station line, any object off the 
station line will be seen by reflection, when the observer 
arrives at the point where the perpendicular falls from this 
object upon the station line, and the distance from this 
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point to the object, being measured, is its perpendicular 
distance from the station line. 

The Theodolite.—The theodolite is the most important 
angular instrument used by surveyors, and measures both 
the horizontal angles between two objects and the angles of 
elevation or depression formed by these objects with the 
point of observation. 

There are several forms of theodolite manufactured, 
differing in detail, the main parts being common to all. 
The theodolite here described is that most generally in use, 
and is known as the “transit ” theodolite, from the fact of 
the telescope being fitted with a complete vertical circle, 
mounted in the same way as the transit instrument used in 
astronomical observations. 

By the courtesy of Mr. W. F. Stanley, of Great Turn¬ 
stile, London, the drawings showing the construction of the 
instrument are here produced, and the following description 
is mainly compiled from his work on “Surveying and 
Levelling Instruments.” The theodolite comprises— 

A tripod stand of mahogany fitted with screw for fixing 
to the lower parallel plate. A metal stand is supplied also 
with the instrument, for using instead of the tripod, when 
it is desired to place the instrument on a wall for taking 
observations. 

The lower parallel plate N has a large boss piece taking 
up from its central part which forms a hollow dome 
called the socket shown at X. The interior of the lower 
part of N is cut into a coarse female screw for attaching 
the instrument to the tripod. 

The upper parallel plate is constructed as a flange from a 
solid boss L. The boss is prolonged downwards by a stem 
piece upon the lowest part of which a ball collar of globular 
section is firmly screwed. The ball collar fits into the socket 
carried up from the lower parallel plate The whole of this 
globular arrangement is called the ball and socket. The 
boss L of the upper parallel plate with its stem has a hollow 
conical hole through its axis into which the body piece 
to be described fits accurately. Upon its outer upper part 
a collar is formed which acts as a guide to the clamp K, 
The plate is tapped in four places for parallel screws. 

The parallel plate screws. One is shown in elevation at M 
with its top dotted and one in section at M'. The four 
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parallel plate screws are in opposite pairs placed exactly at 
right angles to each other in a line passing through the 
vertical axis of the instrument. In some instruments an 
arrangement of three screws, instead of the four here men¬ 
tioned, is used for levelling the horizontal limb. 

The hoihj piece,—This is shown in elevation at T and in 
section at T. The limb of the instrument S S' is attached 
to it by screws. The clamp K K bites upon it. The lower 
outer part of the body piece forms a conical fitting in the 
boss of the upper parallel plate L. The interior is a 
hollow conical axis. 

Axis collar (iaiap K.—The clamp surrounds the body 
piece and clamps it by means of screw K shown on the 
left hand. The clamp is connected with the upper parallel 
plate through the tangent screw the head of which is 
shown at P, so that when the screw K is tightened the 
parts L and T are fixed together, except that a slow 
motion can be given to these parts by the tangent screw P. 

By this clamj) and tangent arrangement the whole of 
the upper part of the instrument is rendered free to revolve 
when the clamp is loosened to bring the instrument to 
bearing, the final adjustment being secured after clamping, 
by the tangent screw. 

The central vertkal axis is shown in half section at Z and 
is made in the form of a truncated cone ; its fitting surfaces 
are at the two ends of the cone extending about half an 
inch, the central part being chambered back. 

At its upper part it is screwed by a wide collar to the 
vernier plate. A square-hole collar and screw is fixed on 
the lower end of the axis just to touch the socket of the 
body j)iece so as to secure the axis in position when the 
instrument is lifted. An eye or hook (not shown in the 
drawing) is fixed into the screw at the lower end to take 
the cord of the plummet used for fixing the instrument over 
a definite point in the ground. 

The horizontal or lower plate or limb.—The whole of the 
piece S S' is called the limb, but more generally only the 
divided part. It is attached to the body piece by screws. 
The outer rim is divided to 30' in angles from 0*^ to 360^^ 
reading from left to right. It also supports the clamp 
piece. 

The vernier plate is shown in section under P' and is 
carried from the central axis Z. It carries the ball nut of 
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the tangent screw. The verniers are read to minutes by a 
pair of microscopes so placed that when the vernier is being 
read the other on the opposite side can be read also. The 
veriiier plate also carries a spirit-level at O. (The principle 
of the vernier is described at the end of this chapter.) 

The compass box is fixed to vernier plate and the needle 
reads into a divided circle of 360'^ In some instruments a 
trough compass with a long needle is used. 

The A fnintrs^ shown in C C', are attached to the vernier 
plate. Upon the fiont of one of them a spirit-level I is 
placed at right angles to that in the vernier plate at O. 
On the inside of each standard is a clip piece for taking 
the clij)ping screws to be described. The transit axis rests 
on two V^’s at the top of the standard. 

'The t/nmsU axis fits into the Vs and at its centre is 
formed into a collar, clipping the outer tube of the tele¬ 
scope. The vertical circle is attached to the collar by 
means of a tlange. 

The vertical vernier f rame V V is centred up in front of the 

vertical circle and is attached by screws to the “clips.” It 
has two verniers, the one at an angle of 180° froicn the 
other. Two microscopes are provided for reading. 
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The clips.—The clipping arm which is centred on the 
transit axis is shown B B' B'. It is attached to the verniers, 
but moves freely on its axis at A so as to permit un¬ 
restrained motion of the telescope. A clamp working in a 
slot is shown at K'. It is used for fixing the vernier 
stationary, except for adjustment by the tangent screw G'. 
This clamp and tangent set the vernier to zero. It is also 
used in setting the telescope before angles of altitude or 
depression are measured. The clipping screws H H' bring 
the principle bubble B to the centre of the run after the 
vernier has been brought to zero by means of the clamp 
and tangent screws. The clipping screws hold either of 
the clips to one standard or the other. 

The vertical adjustment is equivalent to the horizontal 
already described, but in vertical plane. 

TJie vertical circle is carried by four arms from a central 
boss attached by screws to the transit axis. The circle is 
divided generally to half degi*ees, and is figured to right 
and left from zero both ends. The zero lines are directly 
coincident with the optical axis of the instrument. The 
v(3rnier reads to minutes in either direction, the rising arc 
above the level datum being considered as plus, the falling 
arc as minus. 

The telesccype consists of a pair of triblet-drawm tubes, 
with the object>end enlarged to Like the object glass ; a ray 
shade fits over the object-end. The inner tube of the 
telescope slides forward to or from the objective by 
means of a rack and pinion, moved by a large milled- 
headed screw. The eye-piece is known as the Ramsden 
eye-piece, and is termed a “ positive ” eye-piece. It consists 
of two plano-convex lenses, the convex-cut faces of which 
are turned towards each other. It slides in a tube at the 
end of the telescope to focus upon the diaphragm. It is also 
sometimes called an “ inverting ” eye-piece, but is not 
really so, as it is the object glass that inverts the image of 
the object viewed, and the eye-piece picks up the image in 
its inverted position. An erecting eye-piece is also supplied 
with glasses so arranged that the image brought to focus 
inverted is again erected so that objects appear in their 
natural position. This, however, entails loss of light, so 
that to obtain an equal clearness of vision with an erecting 
eye-piece, as with a Ramsden eye-piece, a correspondingly 
larger object glass must be used. 
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The diaphnifjiii of the telescope, is so constructed as to permit 
displacement of spi<lers' webs in any direction at right 
angles to the axis of the telescope, 
the oliject being to adjust the cross¬ 
ing of the webs to the axis of the 
teiescot)e. 

The diaphragm is a stout disc of 
brass held in its [dace and adjusted 
by four ca[)stan - headed screws 
termed collimating screws. Tlie 
dia})hragm has generally thi'ee 
spider webs crossed as shown, but 
is sometimes made of glass with the lines finely marked on. 

Adjustments of the Theodolite.^—The following six 
adjustments are required. Of these Nos. 1, 2, and 6 must 
be made on each occasion that the instiument is used ; the 
remainder, viz., Nos. 3, 4, and 5, are made by the maker 
before the instrument leaves the works, and with ordinary 
care will not require re-adjusting exce])t at considerable 
intervals. They should, however, be examined from time 
to time to see if they are accurate. 

1. SeMing vp the instrunwid in the centre of the exact point of 
observation.—As previously stated, a pointed ]»lummet and 
cord are supplied with the instrument, and a hook is 
attached to the central vertical axis for hanging the cord 
to. The instrument should be set u[) ajqiroximately at 
first, as level as jiossible by the eye, tlie lower parallel [date 
being observed for this [mrpose. The legs are then moved 
until the centre of the plummet touches the exact centre 
of the peg over which the instrument is [)laced. 

2. Adjustnient fw parallax,—Parallax is a term in general 
use to denote the difference between the true and a[)parent 
place of any object, or in other words, when the image of 
the object viewed, formed by the object glass, falls cither 
short of or beyond the place of the cross lines, the error 
arising from this cause is called parallax. 

Adjustment—Draw out the tube of the eye-piece until the 
cross hairs appear to be defined and to be free from effects of 
parallax that may arise from o[)tical displacement of cross 
hairs when the eye is placed in a lateral position. If, 
when the telescope of the instrument is pointed to any 
distant object, its image remains fixed, when the eye is 

F 
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moved to the right or the left, or in a lateral position, out of 
the optical avis of the telescope, no parallax exists ; on the 
contrary, if t.lie image of the <listant object does not remain 
steady the tube must be drawn out, more or less, until the 
required steadiness of the image takes ])lace, As an addi¬ 
tional precaution against errors arising from parallax, 
observations sliould alvva\"s be taken as nearly as possible 
through the centre of the eye-glass. 

3. Testing the line of collimation.—The line of sight passing 
through the cross hairs of the diaphragm, the optical axis 
of the instrument and the object sighted, is the line of 
collimation. The adjustment of this consists in placing it 
coincident with, or failing that, parallel to, the mechanical 
axis of the telesco}>e, by manii)nlating the collimating 
screws of the diaphragm. To ascertain whether there is 
an error of collimation, direct the telescope to some well- 
defined object at a distance, and see that the intersection 
of the cross lines cuts it accurately. Unclamp the vertical 
circle and transit the telescope without disturbing it in 
azimuth. Have a mark fixed exactly at the intersection of 
the webs on a wall or other convenient place, and read the 
vertical circle. Turn the instrument through 180® in 
azimuth, and again sight the back station. Transit the tele¬ 
scope as before, and sight on to the mark previously made. 
The telescope is now inverted, and if the collimation is 
correct the webs will still come on the mark, and the ver¬ 
tical circle will read the same as before. If it is found, 
upon repeating this procedure, that the webs still cannot be 
made to intersect the mark when the telescope is inverted, 
the diaphragm requires adjusting. See Appendix IV. 

4. Adjustment of the horizontal limb.—Clamp the verti¬ 
cal axis by means of the screw K, unclamp the vernier 
plate, fix the vertical arc at or near zero, turn it round 
till the telescope is directly over two of the parallel pla^ 
screws. Bring the bubble of the level of the telescope to 
the centre of its run by turning the tangent screw. Turn 
the vernier plate half round, bringing the telescope again 
over the same pair of parallel plate screws; and, if the 
bubble of the level be not still in the centre of its run, bring 
it back to the centre, half way, by turning the parallel plate 
screws, over which it is placed, and half way by turning 
the tangent screw. Kepeat this operation till the bubble 
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remains accurately in the centre of its run, in both positions 

of the telescope ; and, then turning* the vernier plate round 
till tile telcs(*o[)c is over the otli(!r })air of jiarallel jdate 
screws, 1)ring the bubble again to the centre of its lam by 
these screws, ddie lnd)l>le will now retain its position while 
the vernier plate is turned coTn})leteiy round, showing that 
the internal axis about which it tiniis is com[)letely 
vertical. The bubliles of the leaels on the vernier plate 
must now be adjusted by the capstan screws, and then show 

the axis to l>e vertical. Now, ha\ing clamped tlie vernier 
j)Iate, nnclanij) the screw K, and move the iustninient 
slowly round on tlui external axis, and, if the huhhie of tlie 
level maintain its position during a e()ni[)lete revolution, 
the external and internal axc's art^ coincident, both being 
vertical at. the same time; hut, if the hnbhle does not main¬ 
tain its position, it shows that two jnirts of the axis have 
been inaeenratel}’ fitted, and the fault can oid}^ be remedied 
by the iiistruincnt-niaker. 

5. Adjustment of the vertical limb.—The bubble of the 
main level being in the centre of its tube, as described in 
the last operation, read the two verniers to the vertical 
circle. If these read zero the instrument is probably in 
adjustment. If any deviation from zero is observed, bring 
the verniers exactly on to it by means of the tangent screw. 
This will throw the bubble on the telescope out of centre, 
so it must be brought back by means of the clipping screws 
H, H' in the diagrams (pp. 61 and 63). Now, provided 
that the line of collimation in altitude is correctly adjusted, 
also that the bubble tube is exactly parallel to the line of 
collimation, and the verniers to the vertical circle have 
been properly set, the instrument will be in adjustment. 
It is sometimes found, however, that a small error exists 
through the latter condition not being exactly complied 
with. When this occurs it cannot be eliminated by the 
adjustments so far described, but its exact amount can be 
ascertained and allowed for as an index error by applying 
it -p or — to each vertical angle observed. For further 
information on this subject, see Appendix IV. 

This deviation is best determined by repeating (as 
is explained in the chapter on Surveying with the 
Theodolite) the observation of an altitude or depression 
in the reversed positions both of the telescope and ver¬ 
nier plate. The two readings will have equal and oppo- 
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site errors, and the half of the difference will be the index 
error. 

6. Levelling the 'parallel plate—This is effected by the 
screws M M' and the two levels 0 and I attached to the 
vernier plate. The vertical axis is clamped by the screw 
K, and the instrument is placed so that the telescope is 
directly over two of the screws. 

The two levels O and I are now each parallel to two of 
the parallel j)late sci'ews. The vernier plate is then 
clamped. Should the bubble of the tube I not be in 
the centre of the run, but towards the right-hand ex¬ 
tremity of the tube, the j)arallel plate screws M M' parallel 
with the level I must both be tui’iied outwards, thus 
de})res8ing the right-hand corner of the plate from the 
vertical axis of the iustrument till the bubble is in the 
centre. Had the bubble been at the left extremity of the 
tube, the screws parallel with the level 1 should have been 
turned inwards towards the axis of the instrument. When 
the bubble of the level J is duly level, the telescope should 
be turned parallel to the level O, and the same steps should 
be taken in the case of this bubble tube, and the screws 
parallel with it. It is customary to level the tubes I and 0 
a second time each, as the adjustment of the one sometimes 
upsets that of the other. 

The Vernier Scale.—The vernier is so named from its 
inventor, Peter Vernier. It is used in conjunction with, 

and forms subdivisions to, another scale called the primary 
scale, which, if divided to the same extent as the vernier, 
would have its parts so fine as to be indistinct. 

On the theodolite the primary scale is generally only 
divided into degrees and half degrees, or 30 minutes. The 
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v^crnier enables us to read the additional number of 
minutes in the angle observed. 

The principle is thus stated :—If a space on the primary 
scale be divided into a given number of parts equal to n,—1, 
and a space equal in length to the first he divided on the ver¬ 
nier or moveable scale into a number of pai ts equal to //, these 
parts will each be smaller than the first by the ?dh [)art of a 
division on the primary scale. If one inch be divided on the 
[)rimary scale into 10 e(jual j>arts and a space on tlie vernier 
equal to 9 (jf the parts be itself divided into 10 equal 
parts, the difference between a division on the primary 
scale and a division on the vernier will equal to -do of the 
first and therefore to i To of an inch. 

Similarly, on a theodolite divided on the primary scale 
into divisions representing 30 minutes, a sj)ace is set out 
on the ver nier equal to 29 of these di^isi()ns, and this space 
so set out is divided into 30 parts, each division on the 
vernier differing fi'orn that oh the primary scale by do, 
or 1 minute. To read the instrument an account is first 
taken of the degrees and half degrees (if any) to which the 
index of the vernier (marked thus on it points, and 
the eye is jrassed along the vernier until some one of its 
lines coinciding with any line on the primary scale is 
found. 

The number of divisions on the vernier or minutes be¬ 
tween the index of the vernier and such coinciding line 
with the primary scale is then added to the first account 
taken of degrees or half degrees. In the illustration the 
angle is 37'. 

The Plane Table is another instrument largely used for 
surveying purposes in countries where the weather can be 
relied upon. Its extreme simplicity is a great recommend¬ 
ation in some cases, as it can be used by a practically un¬ 
skilled assistant. For the benefit of those who might be 
called upon to use this instrument a description is given 
on page 238. 



CHAPTER VI. 

LOGAlUrUMS AND TRIGuNOMETllY AS APPLIED 

IN SUPiVEYING. 

LOGARITHMS. 

By Logarithms, calculations are rendered more easy, 
for by a table of logarithms multiplication is changed into 
addition, division into subtraction, involution into multipli 
cation, and evolution into division. 

The logarithm of a number to a given base is the index 
of the power to which the base must be raised to give that 
number. The Irase of the logarithms registered in the 
ordinary tables is 10. Hence the logaritlim of 10 is 1, for 
10 = 10^ and the logarithm of 100 is 2, since 100 = 10^ 

Logarithms are calculated to 7 places of decimals, and the 
integral parts of the logaritlnns of nimi])er8 liiglier than 10 
are called the characteristics, and the decimal parts of the 
logarithm the mantissas. 

For example, the logarithm of 80 is 1 -9030900, where 
1 is the characteristic and '9030900 the mantissa. The 
characteristic of the logarithm of a number is always 
one less than the number of integral figures of a number. 
Hence, if the number contain 1 irUcgral figures, the charac¬ 
teristic is 3, if it contain 3 integral figures the characteristic 
is 2, and so on. 

Various published tables give the mantissse of the logar¬ 
ithms of numbers up to 10,000, and from these the charac- 
t(?ristic may be fixed in accordance with the rule above 
stated. For example :— 

Log. of 8743 is 3*9416605 
Log. of 874-3 is 2-9416605 
Log. of 87-43 is 1-9416605 
T.og. of 8*743 is 0'9416606 
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If the number has no integral figures the characteristics 
are always negative, the mantissse remaining positive. If 
there is no cipher after the decimal of the mimljei’ the 
characteristic is — 1 ; if there is one cipher the characteristic 
is — 2, and so on. In calculations with negative character¬ 
istics the rules of algebra are followed. The same mantissai 
serve for the logarithms of all numbers, whetlicr greater or 
less than unity, which have the same significant digits. For 
example :— 

T.og. of -874:1 is 1-9410605 
Log. of -0874His 2-9416()05 

The reader is referred for finding, from the taldes of 
logarithms, the logarithm of a number, or for finding the 
number corresponding to a given logarithm, to the explana¬ 
tion published with such tables. 

Multiplication by Logarithms. 

Klile.—Add the logarithm of the number, and the sum 
will he the logarithm of the product. 

Example.—Multiply 2:31-4 and 5-062. 

Log. 231-4 =: 2 :164:36:34 
Log. 5-062 = 0-704:3221 

3-0686855 

or logarithm of 117T:147, which is the required product. 

Division by Logarithms. 

Rule.—From the logarithm of the dividend, subtract 
that of the divisor, and the remainder will be the logarithm 
of the quotient. 

Example.—Divide 241*63 by 4*567. 

Log. 241-63 = 2-3831509 
Log. 4-567 0-6596310 

1-7235199 

and 1*72:35199 = logarithm of 52*90782, 
which is the required quotient. 

Involution by Logarithms. 

Rule.—Midtiply the logarithm of the given number by 
the exponent of the power to which it is to be raised, and 
the product will be the logarithm of the required power. 
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E.ivjtt^de.—Find the fourth jiovver of 9*108. 

Log. 9*163 — 0-9620377 
4 

3*8481508 

and 3-8481508 = logarithm of 7049-38, which is the re¬ 
quired product. 

Evolution by Logarithms. 

Rtg.k.—Divide the logarithm of the given number by the 
ex})onent of the root which is to be extracted, and the 
quotient will be the logarithm of the required root. 

Exiunple,—Find the cube root of 12345. 
Log. 12345 4-0914911 

Dividing by 3 we get 1*3638304 =1 logarithm of 23*11162, 

or ,^]234r) = 23-11162. 

Tables of Natural Sines and Cosines, etc., of 

Logarithmic Sines, Cosines, etc. 

Trigonometrical ratios, as, for example, sine, cosine, &c., 
are, as is shown later, numerical quantities. 

There are two forms of tables :— 
(1) The table of natural sines, cosines, &c. 
(2) The table of logarithmic sines, cosines, (fee. 

The logarithmic sines, cosines, <fec., are called tabular 
logarithms, and are denoted by the letter 1j })relixed. 

The natural sines and cosines can be ascertained from the 
logarithmic sines and cosines by subtracting 10 from the 
indices of the latter, the number corresponding to this 
logarithm being the natural sine or cosine. The number 10 
was added to prevent the frecj[uent occurrence of negative 
quantities in tables. 

Example.—L sin. A = log. sin A 10. 

TBIGONOMETBY. 

Consideration of Spherical Excess.—Owing to the 
figure of the earth being that of an-oblate spheroid, in any 
triangulation taken in a survey the triangles are spheroidal, 
the curvature of the sides having to be taken into con¬ 
sideration ; but it has been proved that, without appreciable 
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CMTor, a s[)heroidal triangle can be estimated as spherical. 
Now the angles in a spherical triangle exceed two right 
angles, tlie excess varying according to the area of the 
triangle, the radius of the sjdiere, and other considerations 

presenting great difficulty in the calculations. 
In ordinaiy oj^erations, however, the spherical excess does 

not exceed four seconds. The solution is given by Legendre 
in the following theorem, “ that, in any spherical triangle, 
the sides of which are small proportionately to the radius 
of the sj)her(N if each of tlie angles ho diminished by one- 
third of the s|)herical excess (so as to reduce their sum to 
two right angles) tliese diminished angles may be treated 
as those of a ])lanc triangle, having sides e(juai in length to 
the length of the s})herical arc sides straightened out into 
rectilinear lines.'’ Thus the parts of a si)herical triangle 
can be woi'ked out as if the triangle were a plane triangle. 

Trigonometrical Ratios. 

T^et ABC be a right-angled triangle. If the angles are 
denoted by A., B, and 0, and the sides by u, h and c, we 
sliall have the following ratios i— 

Sine of angle A (written sin. A) zn 
perpendicular_ a 

hypotenuse c 

Cosine ,, ( 

Tangent „ ( 

Cosecant „ ( 

Secant „ ( 

Cotangent „ ( 

cos. A) : 
base 

hypotenuse 

.   perpendicular a 
„ tan.A)_ 

.. hypotenuse c 
„ cosec. A) —-, zz: - 

perpendicular a 

A \ — bvpotermse __ c 
” " ‘ base ~ h 

. . _ base _ h 
„ CO . ) — ^ 
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Concise Formulae, &c. 

Complenicnt of an angle == the excess of a right a.iigle over 
that angle, 

Emm [fie.— Complement of angle A = 90^^ — A. 

Sifjf])lemenf (f an angle nr excess of two right angles over 
that Jingle. 

Example.—Supplement of angle A m 180'' A. 

Sin. (90^ — A) = cos. A. 
Tan. (90*^ — A) m cot. k. 
Sec. — A) = cosec. A. 
Sin. (180''-^ — A) m sin. A. 
Cos. (180'" — A) nr — cos. A. 
Tan, (180 — A) rr — tan. A. 
Cot. (180'-'' — A) rr — cot. A. 
Sec. (180^ — A)*rr — sec. A. 
Coscc. (]80^‘ — A) nr cosec. A. 
Vers (180— A) = 1 + cos. A. 

Algebraical Signs of Ratios in the Respective 
Quadrants. 

j Ratio. 

! 

First Second Third Foi7rtb 
Quadi-ant. Uuadrant. Qimdi’jint. Quadrant. 

Sin. , . , + + ■ 
Co8. + — 1 _ -f 
Tan. . + i -h — 

C 
Determination of Inaccessible 

Heights and Distances. 

]. To detemiine the distance of an in- 
accessible point im a horizontal plane. 

Let C = inaccessible point. 

Rule.—Measure any length A B. 
Observe angles CAB and C B A, 

then A C = 
A B sin. ABC 

sin. A C B 
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2. To measure height of accessible Q 
object. 

Let C E be the accessible ob- 
joct. 

Kule.—Measure any distance 
E L) from foot of object, the line 
A B representiiyi^ a line parallel 
with tlie ground at tlie height 
of the observer’s eye; from it .. g 
measure distance between saiiu' : 
and ground, and observe the ’-- 
angle C A B, ^ E 

then 0 E = B E (or A D) -j- B A tan. CAB. 

3, To measure distance and height of 
imtccessible objeet. 

Let P C = inaccessible object. 

Ri le.—Measure any length A B 
towards P C. Take angles P A B 
and P B C. (By Euclid 1. 32 
A P B dillercncc between P B C 
and PAC.) 

then P C 
ABsin. PABsin.j;^ 

sin. APB 

P 

and A C 
A B cos. P A B sill. P B C 

sin. APB 

4. The following proposition is of the utmost importance 
in trigonometrical calculation, viz., In any triangle the sides 
are proportional to the sines of the opposite angles. 

Solution of Triangles. 

A triangle consists of six elements—viz., three sides and 
three angles—and a certain number Ixdng given, by calcu¬ 
lation the remaining unknown elements can be ascertained. 
When the three angles only arc given, the ratio only can be 
ascertained that the sides bear to one another, and not 
their actual lengths. 
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Solution of Right-Angled Triangles. 

Let ABC 1)0 a right-angled triangle, and the angles bo 
denoted by A, B and C, and the sides a, b and r, as in the 
figure :— 

B 

Given. Sought. Formulae. 

a, c A, B, A sin. A=cos. B = ^, b=:z^{c-\-a) [a—a), or \/g^— 

a, h A, B, r tan. A —cot. B—7, 
o b ^ 

A, a B, by c 13 = 90'^—A, h~a cot. A, c— . - 
8in. A 

A, h B, fl!, c I B^90'^—A, a — h tan. A, c~—- 
’ ! coa. A. 

A, c B, h I 13 — 90°—A, a—v sin. A, h = c cos. A 

Examph’.—Given the side a 124*6 yds. 
A = 64^^ 20' 
C = 90^ 

required angle B and sides h and c. 

B=: 180 - (90^+ 64^" 20) 
= 25"' 40' 

h a cot. A 
log. h == log. a -f L cot. A 

= log. 124*6 + L cot. 64"^ 20' — 10 
= 2*0955180 

9*6817596 

1*7772576 

h = 59*876 yds. 

or b can be found by Euc. I., 47. c* — a® 

_ a 

sin, A 
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log, c — log. a — L sin. A -f 10 
log 124 6 — L sin. 64^ 20 + 10 

== 2-0955180 
10* 

12-0955180 
9-9548834 

2-140634G 

r in 138*24 yds. 

Solution of Oblique-Angled Triangles. 

• B 

B 

Given. Sought. 1 Formulee. 

A, B, h 
, a sin. B 

sin. A 

A, a, b B , .p, ^ sin. A 
am. B = -- 

a, b, C A-B tan. i(A = + 
^ a + b 

at hf c A 
A A / {s — b) U ^ c) , a-^b-rc 

sin. — A / ^-- where 8 = —- 
2 \ b c 2 

It -will be seen from the formulae that the following cases 
of solving triangles present themselves :— 

I. When two angles and a side are given, of which the 
side may be— 

(1) The side between the tw*o angles, or 
(2) A side opposite one of the two angles. 

II. When an angle and two sides are given, which sides 
may be— 
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(1) The sides containing the angle between them, or 
(2) Sides not containing the angle between them. 

In this last case—known as the “ ambiguous ” case—let i 
and be the given sides, and A the given angle. 

Now by the formula /f 

.sin. B ~ 

sin. B 

sin. A. 

/) sin. A 

a 

and"^ if is less than unity, two dillerent angles 

may be foinal less than 180' which have ^ for sine, 

one of these angh‘s ])eing loss than a. riglit angle ajid the 
other gnjater. If a be not less than then A must be not 
less than B, and thorefoi'o B must be an acut<‘ angle, and 
only the smaller valium is admissible for B. If (t is loss than 

then either value might be takam for B. When !:> is deter¬ 
mined, C is known, sim'o it is 180 — A — B, and then r. 

can be found from 
sin. C 

sin. A 

Thus if two values are admissilde for B we obtain two 
corresponding values for C and r, so that two triangles can 
be found from the given elements. 

III. When the three sides are given. 

Emm plea of fho For^poituf Ca^e^. 

T. To .sY>/rc (I fridufe, haviftij given firo angles (ind a side. 

In A B 0 given a = } 000 yds. 
B 104° 
C rir 24° 20' 

then A 180° - (104° + 24° 29') = 51° 31' 

now h — 
a sin. B 

sin. A 

log. h — log, a 4- L sin. B — L sin. A 
- log. 1000 + L sin. 104° -- L sin. 51° 31' 

Todbunter’s “ Trigonometry/’ 
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;vooooooo 
9-9«G9041 

12*9<S()90U 
9-H9;JG148 

:i-09:J2r)9:i 
h = lli:>9-.“)4 

II. (2) 7V; aohr, (f Irimujlr^ harimf (jireii f/v<^ side's and ilu’ 
angle opposite to one of fhetn. 

(xivcii a- ~ r)28 ycL's., h ~ 252 yds. 
A — J24'' 34', tind |j and C, 

In this case the ambiguity does not exist as, since A is 
o])tuse, both the angles B ami 0 must ]>e acute. 

o- h sin. A 
bin. B 

a 

L sin. B =: log. h h .sin. A — Jog. a 
— log. 252 -b L sin. 124'^ 34' ~ log. 528. 

2-4014005 
9-91504 00 

12-3170405 
2-7220339 

9-5944120 

B =: 23^ 8^ 33" 
C 180^^ - 124^' 34' 23'' 8' 33' ir: 32^" 17' 27 ' 

To solve a Iriangle^ luiving given iuo sides and the angh- 

opposite to one of them. 

The arnhiguons case, 

a ~ 397-4 
h ~ 1249-7 

A ™ 9° 20' 

In this case the angle A is acute, and the side h is greater 
than the side a. B is, therefore, greater than A (Euc. 1. 18), 
but this does not settle the dithculty, because B can be either 
acute or obtuse for sin. B =: sin. (180° — By 

In trigonometrical surveying the ambiguity can be settled 
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by roforring to the field record, as to whether B is acute or 
obtuse ill accordance with the known data. 

The example is, however, worked out below, showing 
the two different solutions. 

First Soluluni. 
B 

(f 

L sin. B = log. h -b L sin. A — log. a 
= log. 12197 + L sin. 9° 20' — log. 397-4. 

3-0968058 
9-2099917 

r2-306797r) 
2-5992279 

9-7075696 

then B = 30*" 39' 50" and 
C = 180“ - 9“ 20' - 30“ 39' 50" = 140° 0' 10'' 

and c — 1574-99 feet. 

Second Solution,. 

B 
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Areas. 

To find the area of a. triangle, lehen two of Us sides and their 
i?} chided angle are giren. 

Let a and h be the two sides of the triangle, (J their 
included angle ; then 

area w h a h sine C 

Example.—The two sides of a triangle are 19i^0 and 1152 
links and their included angle 52 ’ 8', re(iuired the area. 

then area = \ a b sine 0 
twice area — a h sine 

log. of twice area log. a + log- -h L sine C — 10 

3-2823012 
3-0614525 
1*9031084 

log. of twice area = 6*2478621 

twice area = 1769547 sq. links 
A. R. p. 

area = 884774 sq. links rz 8 3 15*6 

I'o find the area of a triangle when the three sides are given. 

Let a, h and r be the sides, and .s' their half sum, then 

area z=: ^ s (s — a) (s — b) {s — c). 

To find the area of a triangle, when two of its angles and. their 
included side are given. 

Let A and B be the two angles, and c their included side; 
then 

sine A sine B 
2 sine (A + B) 

area 



CHAPTER VIl. 

SUEFEYlNf^ in Til THE THEODOLITE, 

Both in en^iiicerini;' and other survey’s the use of the 
theodolite is often preferable to chain surveying, and in 
many cases it. is absolutely necessary. The chief cases in 
which it is generally adopted are the following;— 

(1) In the surveys of wt>ods, lakes, Ac., by ranging a 
system of lines round the ar(;a to be surveyed, and con¬ 
necting them by taking the angles at their several points 
of junction. 

(2) In the surveys of winding roads, rivers, Ac. (This 
and the first case are technically known as “ traversing.”) 

(3) In determining the jiositions and distances of several 
stations, in an extensix e engineering or other survey, by 
taking angles to them from two or more stations the dis 
tances of which are known, (tnangiilation). 

(4) In the survey of streets of part, or of the whole, of 
a town. 

(5) In railway surveys, Ac. 
(6) In ranging out a, long line over undulating ground. 
(7) In a large survey, by^ dis])onsing with certain check 

lines rendered unnecessaiy by^ the angular measurements. 
(8) In setting out curves. 
(11) In taking angles for elevation or depression. 

In surveying with the theodolite, the statements made in 
the chapter on Chain Surveying on the practical application 
of triangulation, inspection of the ground and setting out, 
and the general observations, are equally^ applicable. 

The best position for the base line and the principal 
stations should be carefully selected, and the triangles 
formed be well-conditioned. In general no nngle less than 
30^ should be use<l, unless the nature of tlie ground renders 
it absolutely necessary. In important surveys the base lines 
should be measured twice. The stations at the commence- 
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ment and end of the base line should be easily seen from the 
surrounding country, and it is preferable that they should 
be visible from one another. The base line can be length¬ 
ened by angular measurement, as will be shown hereafter. 

Notwithstanding that, given tlie measured length of the 
base and the two angles, the sides of the triangle can be 
coni])Utcd by trigonometry ; it is necessary, wlieii all the 
stations are <leterniined, to measure one at least of the dis¬ 
tant sides of tlie system of tT’iangulation, Avhicli is knovMi as 
the base of verification, \\dien the base line and the base 
of verification have been measure<l, and the angles of the 
main triangulation observed, these data sliouhl be reduced 
to pa2)er Indore the survey is j>rocee(led with. The triangu- 
lation being completed, tiie filling-in presents no difficulty. 
The huger triangles are subdivided into smaller triangles, 
and the survey is })rocee(]ed with according to the rules of 
chain surveying, aided in the largcu- .surveys l)y the use of 
the box sextant and {)rismatic compass. 

The Methods of taking Angles. 

Tlierc arc two methods of observing angular measure¬ 
ments : 

(1) By taking the bearing of two lines formed by tlie 
point of observation and twa) .station ]H>ints. 

(2) By taking the hearing which the line formed Ity the 
point of observation and the distant .station makes with the 
magnetic meridian, as indicated hj^ the needle of the com¬ 
pass. The first method is nioie certain, thougli the two 
can be used in conjunction. 

Bearings with the magnetic meridian can be taken at 
various stations to some jirominent point, visible generally 
on all parts of the survey, and this arrangement serves as a 
check on the first method. 

Bearings taken with the magnetic meridian are liable to 
variouvS disturbing influences on the needle, wdiicb some¬ 
times considerably affect it. All metallic attractions should 

be removed from its close proximity. 

To take a Horizontal Angle with the Theodolite. 

(1) The hearing of two lines, one with another. The 
theodolite being adjusted (as explained in the chapter on 
Instruments for Angular Measurement), unclamp the vernier 
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plate, set the arrow of the vernier to 360° or zero on the 
lower plate as nearly as possible. Clamp the vernier })late, 
and adjust the points carefull3^ by the microscope and the 
tangent screw. The other vernier should be examined to 
ascertain if it roads 180'" exactly, or if not so, the ditterence 
must be noted. (For the descri[}tive letters used here the 
reader should rider to tlie drawing of the theodolite (page 61) 
in the cha})ter on Angular Instruments.) 

Again, unclanp) the vertical axis ])y the screw K, and turn 
the instrument to the left of the two stations, lietween which 
the angle is to he taken, till the centre of the cross webs in 
the telescope nearly cuts the centre of the bottom of the 
pole set up at the station ; then clamp the screw K, and, by 
gently turning tlio tangent screw, the most perfect accuracy 
may be seimred. 

Next, unclamp the vernier plate, and turn it round 
till the cross webs nearly cut the bottom of the ])ole at 
the second station ; then clamp the vernier ])late, and obtain 
the exact point of intersection by the tangent screw 
as before, itead off the angle in degrees (and half degrees 
if any) in the scale of the lower limb, as indicated by the 
arrow of the vernier (page 68), and with the microscope 
find on the vernier itself which one of its lines coincides 
with anj'^ line on the scale of the lower limb. Read off on 
the vernier scale the number of divisions or minutes 
included between the arrow of the vernier and the division 
so coinciding with the division on the lower limb. (The 
vernier is fully described in the cha])ter on Instruments for 
Angular Measurement.) Then similarly read the angle on 
the other vernier. Subtract 180° from it, and take the 
mean of the result and the angle observed with the first 
vernier. This will give the true reading. 

Example. 

Reading with first vernier . . . . =67° 4' 
„ „ second „ 247° 3'=247° 3'-180°=:67° 3' 

2)134^7' 

True angle 67° 3' 30" 
The reason for observing the mean of the readings of the 

two verniers, is to counteract the effects of eccentricity in 
the two circular olates and their axes. 
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To ensure the greatest accuracy, invert the telescope in 
tlie Y’s (see figure on ])age 61), and take the mean angle 
of the two verniers as before. If there is an^^ discre ):i,nc.y 
between this result and the first, viz., 67^ 3' 30'', take the 
mean of the two. 

Jlajxudivg Jvfjlex — To form a check on the reading, the 
o])sei*vation of the angles is repeated in the following 
manner, and the mean result taken. The horizontal angle 
between the two points is determined as above. Assume 
the })oints to be A and B, the point A being at the left 
hand, and the angle to be 67® 3' 30". Leaving tlie vernier 
clamped at 67® 3' 30", unclamp the vertical axis by the 
sci cw K (see figure on jjage 61), and direct the telescope on to 
A again. Clamp the screw K, and fix the exact intei section 
with tlie tangent screw—as before. IJnclamp the vernier 
j late, and obtain the intersection of the cross w^dis of the 
telescope with the point B, clamping the vernier plate, and 
using the tangent screw. The angle will now read 13*L 7h 
If extreme accuracy is recjuired, repeat again, starting from 
134® 7', The next angle will be 20L 10 '30". Divide the total 

result by the number of readings 
IW 10' 30" 

'3 
67® 3' 30" 

the true angle. The reading with the two verniers, and 
with the telescope reversed, must be done at each repetition. 

(2) The heariiKj with the wagnefic meridian.—The instru¬ 
ment being adjusted, unclamp the vernier plate, and set 
the arrow of tlie v ernier to 360 or zero on tlie lower plate. 
Then clamp the vernier jdate as before. Unclamp the screw 
K (see hgure on jiage 61), and move the telescope till the 
north point of the needle of the compass points exactly to 
360° on the card, (damp the vertical axis by the screw K, 
unclamp the vernier jilate and diiect the telescope on to the 
first station, the bearing of the line between which and the 
point of observation it is required to ascertain wdth the 
magnetic meridian. Clamp the vernier plate, and read off 
the angle from the two verniers, verifying with the tele¬ 
scope inverted, and repeating as already explained. The 
angle can also be read on the compass card, but as the 
diameter is so small it cannot be obtained with accuracy. 

To take a Vertical Angle. 

Having set the instrument level, and p^djusted it as 
already explained in the chapter on Angulax* Instruments, 
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observe whether the zero of the vertical limb coincides with 
that of its vernier, by the microscope attached thereto. 
These points being found coincident, raise or depress the 
telescope, till its optical axis, or cross wires, cut the object 
required ; then clamp, and adjust till perfect accuracy be 
obtained, when the angle may be read off, which will be an 
angle of depression, if the arrow of the vernier be between 
the zero of the vertical circle and the object glass of the 
telescope ; otherwise an angle of elevation. 

Ascertaining Heights and Inaccessible Points by 
Angular Measurement. 

The reader is referred to the preceding chapter on 
Logarithms and Trigonometry as applied in Surveying, 
where this subject is dealt with, and the trigonometrical 
formulae given. 

To Survey Woods, Lakes, Ac., by the Theodolite. 

1. Eequired the plan of the wood represented in the 
following figure, the field notes being given :— 

Fix poles round the wood, so that the lines surrounding it 
may be as near it as possible, for the convenience of taking 
the offsets ; the stations at the same time being made on 
proper ground for fixing the theodolite. Let ABODE be 
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the stations, and the field book as below. The lines D E and 
E A almost impinge on the wood. The long offsets are set 
out with the optical square. 

to © C 
10 j 2678 

101 1400 
119 800 

10 ! 000 
From © A | 8r 29' 

©Bn 

to © B 
10 2302 
99 i 1800 
10 1100 

202 000 
218 320 

perpr. to i 
225 corner j 

Begin at © A 
go E 

From O E 

10 
10 

From O D 

10 
10 

From © C 

10 
237 

10 
From 0 B 

58" 23' 
to 0 A 

1793 
1350 
000 

24 r 38' 
©Er 

to © E 
1790 
000 

46® 51' 
©D n 

to © D 
1898 
200 
000 

111° 39' 
0c n 

to © B 

to 0 A 

to © E 

to © D 

It will be seen, from the field notes, that the line A B is 
first measured, as a base for the plan. The first angle ABC 
is then taken, and being found to be 81^ 29', shows the 
direction of the second line B C. The angles at stations C 
and D are respectively found to be 111® 39' and 46° 51', 
the three lines B C, C D, D E each bending respectively to 
the left of the line preceding it. The angle at 0 E is found 
to be 241° 38\. which being greater than 180°, that is, 
greater than the semicircle p q, shows that the line E A 
turns to the right. Finally, the angle at © A is found to be 
58° 23', showing that the line A B turns to the left of E A. 
The magnitude of the angle shows whether the new line 
inclines to the right or the left of the old one, the mw line 
turning to the left of the old one, when the angle is less than 
180°, and to the right when greater^ the zero of the instrument 
being alwaps directed to the commencemsnt of the old line. 

Planning and proving the work,—Draw the base line 
A B in the given direction, and lay off the given length 
2302 links thereon. Place the centre of the protractor at 
0 B, with its straight side close against A B, and prick 
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off 81' 29' from its end towards A ; tlien, through 
O B and the {)rotractor-niark draw B 0, making it the 
given length 2678. Lay down similarly the two follow¬ 
ing sides with their angles C and J). Lay oil angle 
at O K, which is 241^ 38', therefore E A must turn to tlie 
right, and K A being drawn, must reach to O A, wlnna^ the 
survey began. If it docs not reach to O A, there has ])ocn 
an error either in taking the angles or in measuring the 
lines. But since the .svo/i of all the irderwr auf/le.^ of a pal jiijoihk 
equal to firire ux naniq rlijJd tnifjlea as the Jig are has sides^ lessened 
h)f four rigid angles (Enc. L 32. Cor. L), and since the given 
figure has five sides, the sum of all its five interior angles 
will be ~ 5 X 2 - 4 G right angles 90"“ x G —- 54*0°. 

This will be found to result by aihling all the angles of 
the figure, as below :— 

Angle at B = 8E 29' 
-C = 111 39 
-1) = 4G 51 
-E 241 38 
-A=: 58 23 

Proof, as respects the angles 540"’ 0' 

The above result shows that the angles have been 
<iccurat(dy taken ; if, therefore, the work does not close, that 
is, if E A does not reach to O A, the error is in the 
measuring of some of the lines, or in making a wrong entry 
in the field notes. 

Had the survey been a triangulation of some area instead 
of a traverse survey as in this case, the sides of the triangle 
would have been computed by trigonometry and laid down 
on paper from measures of their length rathei' than, as 
already explained, from angular measurements by the pro¬ 
tractor, thus ensuring a more accurate result. A check on 
the accuracy of the angles can also be obtained in a triangu¬ 
lation by observing all the three angles in any triangle ; 
which, if correct, will amount to 180\ 

It will be seen that the above survey might have been 
effected by a chain traverse, as described in Ch. TV., page 50. 

2. Lakes, meres, and large ponds are surveyed and 
planned in the same manner as the wood given above. For 
instance, the following figure represents a gulf or inlet of the 
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sea, a plan of which is required to adapt it for the purpose 
of a harbour for ships. 

The coast here siiown is the boundary of high water. The 
survey ])egiiis at O A, station points being fixed at IJCD 

E F and (t, and angles taken 
at A to F and ( F The line, 
B A, being first ])i‘olonged 
backwards to high - water¬ 
mark, is then measured to B, 
and the angle A B (J taken. 
Similarly all the succeeding 
lines are measured, and the 
angles taken ; also at F and ^ 
(t the angles are taken to O 
A, and the line F G pro¬ 
longed to high-writer mai-k, 
all the offsets being taken as 
the w^ork })roceeds, 

Tlie figure may now be laid down, precisely as in the last 
example, the magnitude of the angles showing the directions 
of the lines, and the lines A F, A G, wliich could not be 
measured on account of the great wddth of the entrance of 
the harbour, proving the work by means of the angles 
taken at A and F and G. 

The Survey of Roads and Rivers. 

1. The following figure represents a river, the plan (^f 
which is required for the purpose of improving its naviga¬ 
tion, &c. 

Stations being set up, at or near the principal windings of 
the river, as at A B CD and E, the line A B is measured, 
and the offsets taken to the nearest bank of the river, its 
opposite bank being determined by a series of lines and 
angles measured on the opposite side similar to those hero 
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described and connected with them, thus the line B C may 
be produced for this purpose across the river. A flag is left 
at O P in A B, where the sight, in the general direction of 
the river, is unobstructed for a considerable distaiice. The 
measuring of A B being now finished, the angle at B is 
taken, which, being less than 180", shows that B C turns 
to the left. On measuring to C the angle there is found 
to be greater than 180°, showing that 0 1) turns to the 
right; and thus the work pioceeds to O E, where an angle 
is Tiow taken to the now-distant Hag at P. This last angle 
will })rove the accuracy of the work when laid down. 

2. If a road be represented by the winding figure in the 
last example, it may be surveyed in the same manner, ex¬ 
cepting that the system of lines ABODE must be upon 
the road, instead of the side of it, that the offsets may be 
readily taken to the right and left of the several lines, 
recollecting to leave a flag in or near the first line, as at 
O P, in the last figure, to which an angle may be taken, 
after the survey has proceeded a distance, to prove the 
work. 

The Survey of a Fart or the Whole of a Town. 

Case I. -0 ommencc the survey at the meeting of three 
or more of the principal streets, through wliich the longest 
lines of sight can be obtained, for the purpose of laying out 
the main lines. Having selected a proper station, fix the 
theodolite thereon, making a line in one of the principal 
streets a base line, and directing it to some prominent or 
well-defined point upon which the theodolite can subse¬ 
quently be planted. If no natural station point is avail¬ 
able, one must be made, and the centre indicated by an iron 
nail driven into the pavement. All station points must be 
very carefully noted in the field book, and dimensions taken 
to each from three or four corners of buildings, or other 
points, so that the centre of the point of observation can be 
easily found at any time. Angles must first be taken be¬ 
tween the base line and the other lines diverging from the 
first station, defining carefully the directions of these lines. 

This done, measure those lines with the chain, taking 
offsets to all corners of streets, bends, and to all remarkable 
objects, as churches, public buildings, &c.; also, defining 
the extent of buildings belonging to each separate owner, 
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or joint-owners, if such buildings are required to be taken 
down for engineering purposes, or for im])rovements : at 
the san](i time rocollocting to leave statioiKs opposite the 
ends of the streets to the riglit and left, and to take the 

angles of the directions. This operation must he repeated 
on the other main lines, till the survey is coinplete<l. It is 
not sufficient to take ofisets only at right angles to the 
chain. Two offsets at least must be Liken to each point 
from convenient readings on the chain, thus forming a 
small triangle for each. The points on the chain must he 
noted at which the sides of buildings wt the corners of 
streets would cut the cliain-line if produced. The angles 
must be taken of the bearings of two lines one with 
another, and not of the bearing of one line with the mag¬ 
netic meridian, as this method is unsuitable in town survey- 
ing owing to the iuHueuce of metallic attractions such as 
pipes, iron posts, i^c., on the needle. 

Thus, having fixed the theodolite at A, take the angles 
of lines meeting there, referring them to the base line A B, 
that the magnitude of the angle may show their direction : 
then measure A B, taking offsets to the buildings of different 
proprietors, as to the buildings marked a h r, X:c., on which 
the dimensions of their several parts, yards, &c., must be 
measured and put in the note book, that they may be accu¬ 
rately mapped, preparatory to their valuation for parish 
rating, or if required to be taken down for engineering 
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purposes or for improvements; stations being loft at m and 
n for the lines in the stre(‘ts on the riglit, strong iron pins 
being driven into the crevices of the pavement foi* tliis 
purpose. The measurement thus proceeds to O B, where 
the angles of tlie streets diverging from it ai’e now taken. 
The line B G is next measured in like manner, and the 
angles taken at O G ; after which the measurement })io- 
ceeds to O n in the base A B, thus constituting the triangle 
n B C ; a station being left at D in C n. From O I) the 
survey })roceeds to © K, the angh^s being taken at E, and 
from thence to © A, where the work commenced; a station 
left in the line 1) E at o for the line to O m,. In this manner 
the survey may be continued to any required extent. It is 
not necessary to take angles at all stations, as the lines from 
these are merely hlling-in lines between the main lines of 
the survey. 

This surve}^, so far as it has been here shown, maybe ]>lotted 
independently of the angles taken with the theodolite, by 
first laying down the triangle B C, and then determining 
the position of O E by intersection from stations A aivl D, 
when the line on o will prove the work. But it rarely 
happens, in the practice of town surveying, that a funda¬ 
mental triangle can be obtained sufiiciently large to lay 
down the work in this manner ; it is nicieJy hero shown 
that such a case is possible ; for had the street in which 
the line C n is measured, been so bent as not to admit 
of a sti’aight line along it, the use of the theodolite would 
have been indispensable in this survmy. Assuming, there¬ 
fore, that C n is not a straight line, but bent at O I) ; 
then, in the five-sided figure A B C D E, the accuracy 
of the measurement of the angles may be prove<l, by 
taking the sum of all the interior angles, which should 
equal 54-0'^, viz. : twice as many right angles as the figure 
has sides less four right angles, and the work further 
proved by the closing of the lines at O A as well as at 
the several other stations. 

As a further check on the accuracy of the observa¬ 
tion of the angles, the supplement of the angles should 
be observed also; thus at the station B, assuming the in¬ 
terior angle A B C to be 87° 30', the exterior angle 
should be 300° — 87° 30' = 272° 30'. 

The notes in the field book in this case are entered in 
the same form as those given in the chapter on chain 
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8urve3nng, excepting that the entries must be made at a 
sufficient distance apart to allow sketclies of buildings, 
yards, gardens, &c., to be clearly made, with the nieasui-es 
of their several parts j)ut on them in feet and inches. 

The chain of 100 feet must be used in all town surveys. 

Case II.—If a very large town be recjulred to be sur¬ 
veyed, the best method is to measure a base line of con¬ 
siderable length, on elevated and open ground outside 
the town, and at two stations at its extremities take 
horizontal angles to the towers of churches and otlnu* lofty 
buildings in the town, and the intersections of the lines of 
sight from these angles will determine the positions of the 
towers, &c. : these may then be made stations for the 
survey of the several streets, wdiich niay now be conducted 
in the manner shown in Case I. Moreover a third station 
must be taken in the base line thus measured, at which angles 
must be taken to all the towers, A:c., which angles being 
laid down, their lines of sight will })ass through the inter¬ 
sections of the limss of sight taken from the other two 
stations, if the woi’k be correct; otherwise an ei'i'ur has 
been made in taking some of the angles, which must 
be corrected before the survey of the streets, be 
commenced. 

The several distances of the towers and other lofty 
buildings may be calculated b}^ trigonometry, and the 
several lines, or triangulation, connecting the said towers, 
cSoC., may thence be laid down as shown below. 

Case III.—If the town be long and narrow, with straight 
openings across, either through straight streets or partly 
through streets and gardens, a triangulation may be formed 
on the open ground outside the town, and the main lines 
may be connected by other lines passing through these 
op(uiings, in which stations may be obtained for the survey 
of the other streets. 

The observation of angles is best effected in the early 
morning, before the commencement of the traffic, and this 
remark applies also to linear measurements in the principal 
streets. 
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To Determino the Positions of Several Distant 
Points, by taking Angles at two Stations at 
the Ends of a Given liine. 

Let A, B, 0, D, E, F be six stations, the positions of 
which are to be fonml. Measure aline M N on level 
ground, and such that all the stations may be seen from M 

and N, and at each 
^ of the stations M 

and N, take angles 
0 with the tlieodolitc 

to all the stations ; 
its zero, in taking 
the angles at each 
station, being di¬ 
rected to the oppo- 
siN'< end of the given 
Jiue, that the mag¬ 
nitude of the angle 
may determine the 

F E direction of each 
line of sight to the 

distant stations. The line M N being then laid down, and 
the angles taken at its extremities, the intersections of the 
linos of sight M A, M B, Ac., and of N A, N B, Ac., will 
determine the ]K)sitions of the several distant points A, B, 
Ac., from whence their distances may be found and 
other base lines laid down for the further extension of the 
survey if reapiired. 

The accurac}' of the work may be proved by taking a O 
e, at any point in M ISi, and from tlience taking angles to 
all the distant stations ; which angles being laid down, 
their lines of sight will pass through the intersections A, 
B, A:c., if the work has been correctly done. 

When all the distant stations or objects cannot be seen 
from two given stations, then three stations may be taken, 
or as many as are necessary; connecting the stations thus 
used, by measuring their distances, and [H'oving their 
positions by other lines, or by angles : the zero of the 
theodolite in taking the angles to the distant stations being 
always directed to the last given station. Moreover, the 
angles to all remark<d)le objects that can be seen from two 
given stations may be taken at the same time; thus may 
their positions also be determined by the iijtexsoction of two 
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or more lines of sight. In this manner very extensive 
surveys may be effected, the accuracy of th(3 work being 
occasionally ohecked by measuring the distances of some 
of the distant stations where it can be most conveniently 
done. The distances from A to B, from B to C, &c., may 
be calculated by trigonometry. 

To Verify and Prolong a Base by Triangnlation. 

Besides the marks at the extremities of a base line— 
which, if the base is to form a groumlwoik for a sui’vey of 
considerable extent, should be constructed so as to be per¬ 
manent as well as accurate—intermediate prants should be 
carefully determined and marke<l during the progress of 
the measurement, by driving strong pickets or making some 
other clearly-defined mark, these marks serving for testing 
the accuracy of the 
different j)ortions 
and comparing them 
with each other. * 
Thus :— 

Let A B represent 
the portion of the 
base actually mea¬ 
sured, and B C that 
to be added b}' calcu¬ 
lation for the purpose 
of extending the base 
to C, in order to ob¬ 
tain a more eligible 
termination. 

The points E and D 
having been marked 
during the measure¬ 
ment, the stations F and G are selected so that the 
angles at E may be nearly right angles, and the distances 
E F and E G each about =: A E. Similar conditions 
determine the j>ositions of H, I, K, and L. At A, as well 
as at every point previously marked on the base, and 
selected on each side of it, angles are observed to every 
other point. 

With these data, the lengths G E and E F are determined; 
from each of these E D is obtained by calculation; and from 
A E and E D and A D as bases, ID and D H are obtained; 

♦ Froino’s ‘ ‘ Trigonometrical Surveying.” 

L 
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and lastly by similar processes, B L and B K are found as the 
mean results of many operations all tending to check each 
other. B C is finally obtained from B L and B K indepen¬ 
dently used as ])ases in the triangles B L C and B K C. 

In this manner the Irish base on the plain of Magiliigaii 
was prolonged about two miles, the termination of the 
north end of the base being ill-adapted to serve as a 
station for general observations of the angles. 

Surveying with the Magnetic Needle. 

The following is an example of a survey made from 
bearings with the magnetic meridian.'^ 

At a let the bearing of a d be 9B A east, and the bear¬ 
ing of a h 136° east; note this at the commencement of the 

line a h before you commence chaining. On reaching the 
point h take the bearing of h a, and let this be 136° 5': note 
this at the end of the line and take 136° 2^' for the mean, 
or corrected bearing, east and west of the line a b. In the 
same manner, let the mean bearing of 6 c equal 89° and that 
of cd equal 30°, At d take the bearing of d a and let this 
be 91° 10'; then the mean or corrected bearing of a d or 
d f will be equal to 91° 7J'. The angle d a 6 is equal to 
136° minus 91° 7J', or to 44° 55'. The angle a b e 

♦ '^Mathematioal Instrameat*/’ by J. F Heather. 
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is made up of the angles a h N and N 6 c; a 6 N is 
equal to 180^ minus 13(r 24', or to 43'574'; and N h c 
being tlic angle a h c is e([ual to 43*^ 574' phis 89‘\ or 
to 132^ 574'. angle h c d is made up of the angles 
b c N and N c d\ h c N is equal to 180 'minus 89" or 
to 91^^, and N r d, being 30^", h c d i.s equal to 91^’ j>lus 30° 
or 1214 Lastly, c d> a is equal to S d a. minus d c \ 
8 d (t is equal to 91° 74'; and 8 d c. being 30°, c d a is 
equal to 91° 7 4' minus 30°, or to 61° 74'- 

Now 44° 132° 574' + + 61° 74' = 360°. 
In the same manner we may check the triangle d e /, 

the tliHiO aiigles of a triangle ])eing equal to two right 
angles. Ohserve that three inoTo filling-in lines have been 
run from g on A 11, to It on 1), and that a tie line has 
been chained from d to i forming a further check upon the 
work ; for, if in plotting, d or i lean one way or the other 
out of position, then the line d i will not ])Iot truly. 

Latitude and Longitude.— The transit theodolite, 
being fitted with a vertical circle, and mounted in the same 
way as a transit instrument, may ])c used for ascertaining 
the latitude of any })laco. (The reader, when perusing 
this j)aragraph, may conveniently refer to a Ciiart of the 
World, where he will hnd latitmle and lougitiuhi marked.) 

The meridian of any place is an imaginary circle jjassing 
through both poles and the particular })lace—its plane thus 
dividing the globe into two hcmisphei'cs. It derives its 
name from the fact tliat, every ])laco in the globe having its 
meridian, it is midday or noon when the sun arrives above 
this circle. It is necessary to keep in mind that a line, 
called a vertical line, and being perpendicular to the earth’s 
surface at any j)oint, corresponds with the direction of 
gravity : in other words, if produced inwards it would reach 
the centre of the (iarth, and if produced outwards, would 
cut the heavens in the zenith. 

Latitude is the angle which a vertical line at any place 
makes with the plane of the equator, in the meridian of 
that place. It is called north, or south, according as the 
place is situated on either side of the equator. The highest 
or greatest latitude is 90°—that is, at the poles. 

The direction of the true meridian through any point can 
be ascertained with a transit theodolite as follows :— 

When one of the fixed stars is approaching the me¬ 
ridian it will appear to rise until it reaches the meridian; 

H 
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afterwards it declines. The direction of the true meridian 
through the })lace of observation is exactly halfway between 
any two e(jual altitudes of the star, before and after cul¬ 
mination. Thus, say a star has an altitude of 50° on the 
vertical circle when its horizontal angle from a reference 
poiiit is 62° ; also that the star again has an altitude of 
50° with a horizontal angle of 102° from the reference point, 
then the direction of tije meridian will be 82° from the refer¬ 
ence point. When dtd.crmining the meridian in this way 
it is usual to read the horizontal angles for several pairs of 
equal altitudes, the true direction of the meridian being taken 
as the mean of that given by tlu‘ several observations. 

Having determined the direction of the meridian the 
latitude of a place can easily be determined in the northern 
hemisphere by observation of the pole star when it is on 
the meridian. 

Thus say the observed meridian altitude of the pole star is 
53° 11' 40" (observed) 

Refraction 40" (Chamber's Tables), 
Declination for date 88° 49' (“ Whittaker’s Almanac ”), 

then, the true altitude will be 53° 13' since refraction makes 
an object appear higher than it really is. Subtracting the 
true altitude from 90° gives the zenith distance ; in our 
case 36° 49'. Subtracting this from the star’s declination 
gives us 52°, the latitude required. The foregoing assumes 
that the star is observed at its upper culmination. When 
it is on the meridian below the pole, add 90° to the corrected 
altitude and subtract the declination. 

Thus, true altitude 50° 49' 
90_0 

140° 49' 
88 49 declination 
52° 0' latitude. 

Knowing the direction of the meridian, longitude can be 
deternpned with the aid of a chronometer or a good watch, 
set to Greenwich time. The time of the sun’s passage of 
our meridian is noted, and the interval of time elapsing 
between its passage of the meridian at Greenwich (given in 
the published tables) fixes the longitude. Two successive 
passages of the apparent sun at Greenwich on he give 
date is the interval of time corre8j)OTKling to 360° of longi¬ 
tude. One hour of mean time equals 15° of longitude. 
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CHAPTER VUL 

LErELLlNG, 

Levelling is deliiied in the “Imperial Dictinuary ” as fol¬ 
lows : “The art or o|)eratiori of ascertaining the different 
elevation of objects on the surface of tlie earth ; the art or 
practice of finding how much any assigneil ])()int is higiicr 
or lower than another assigned print/’ This dillerence in 
elevation is deterniined with rererence to an assumed line, 
called a level line, the e:xtremities of wliich are ecpiidistaiit 
from the earth’s centre, and which is called a line of true 
level. Owing to the figui'e of the earth being an oblate 
spheroid, such lim^ is in reality a curve, p.arallel uith the 
surface of the earth. A line uhicli coincides with or 
is parallel to the horizon is called a line of “ apj)ar('iit ” 
level. 

There are many instruments used in levelling. They can, 
however, all be reduced to one of five classes, and all classes 
depend upon one princiide, viz., tiie action of terrestrial 
gravity. These classes are :— 

(1) Those in which the plumb line itidicatcs the v ertical 
line, the horizontal line being at right angles to this. An 
example of such instruineut is the mason's plumb rule. 

(2) Those which indicate a horizontal line by the surface 
of a fluid at rest, free from local disturbing influences. 
Such conditions are best obtained in a closed tube partially 
filled with liquid, such as the bubble tube of the spirit level, 
the bubble of air occupying the highest point of such tube. 
A simpler example is the water level. 

(3) Those in which tlie diflei-ence of level is indicated by 
measurements of elevation or depression taken by angular 
instruments, such as the theodolite. 

(4) Those ill which tlie difference in level is indicated by 
the difference in pressure of tlie atmos})bere due to its 
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density at corresponding altitudes.. An example of such an 
instrument is the barometer. 

(5) Those in which the difference in level is indicated by 
the point of ebullition (or boiling point) of water, which 
takes place when the tension of its vapour just overcomes 
the surrounding pressure of the atmosphere. An example 
of such an instrument is the hy[)someter. 

Iievelling Instruments. 

Class I. The Plumb Rule.—The foregoing reference 
to this is sufficient to show its })ractical application to this 
subject. 

Class II. (a) The Water Iievel.—This is a simple 
contrivance and can be easily made by anyt)ne. It consists 
of two vertical tubes connectc<l by a horizontal one, the 
whole being Idled with water, coloured for convenience. 
The instrumofit is set so as to turn on a light stand. When 
the water is at the same height in the two vertical tubes 
the surfaces are level, and a horizontal line can be sighted 
with reference to them. 

(h) The H^Iechanic’s Level is the simplest form of 
spirit level. It consists of a glass tube, filled j)artia,lly with 
alcohol, and hermetieaJIy sealed. It is impossible to manu¬ 
facture a tub*' perfectly straight, and all tubes are placed 
with the most concave surface internal. The tube is fixed 
in a hardwood frame with a brass cover, ddn; cover has an 
opening wherein the bubble can be Auewed. 

(c) The Surveyor’s Level.—The level more commonly 
in use is the “ dumpy ” level, and is a development of that 
originally designed by Gravutt. A level known as the Y 
level Irom its being mounted in Y’s, in the same way as the 
theodolite, is also sometimes more rarely met with in this 
country. It is the oldest kind of surveyor’s level, and has 
fallen into disuse, owing to the number of its loose parts. 
It is not proposed in this work to do more than briefly 
refer to the Y level. 

Mr. W. F. Stanley, of Great Turnstile, I^ondon, has 
kindly permitted the drawings of the dumpy lev^el that follow 
to be reproduced here, and the description thereof is mainly 
compiled from his work on “Surveying Instruments.’' 



LEVELLING. 101 

The surveyor’s level consists essentially of a telescope 
with diaphragm at mutual foci of ol)jective and eye-piece, 
the axis of tlic telesco])e being jdaced in a truly parallel 
direction with the crown of a sensitive level tube. The 
whole instrument is adjustable to a jjosition of verticality 
of its centr'al axis, and hoi'izontality of telesco})e, in rela 
tion to tile surface of the earth, in what is teiaiied the 
setting up of the instrument; so that when it is set up 
in this position levels may be taken from it in any hori¬ 
zontal diri'-ction from one j)oint of obsei’vation by rotation 
of the telescope about its vertical axis. 

The Dumpy Level consists of a telescope similar to that 
of the theodolite, frdly described in the chapter on angular 
instruments (see page 64), and carr ies a ray shade K S at the 
object-glass end. The eye-piece E P is adjustable to webs 

in the telescope by pressure in or out. Two straps or bands 
are accurately soldered round the tube of the instrument, one 
of which carries a Jimrie-joinf and the other a pair of locldng- 
nuts to support the level tube G C, which at the same time 
permit its adjustment. The lower part of each strap-piece 
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is left a solid block of metal to give very firm support to 
the telescope as it rests upon the limb L beneath. The 
limb ma^ be either a casting with a socket screw only in 
its centre, or- a, compass box ma}" be formed in the ctmti’e, 
and the socket screw jdaced under this as is shown in the 
iigure. 

Vertical avd pandld plates.—A is a screw by which 
the parallel jdate foot is attached to the limb of the instru¬ 
ment, ; M a large milled head by means of which the screw 
can be brought- up lirmly to its collar ; S S' the socket 
which is gi ound to fit the cone C ; C forms a part of the 
upper parallel plate UP; B is a ball-pin which scrciws 

fiimly into C ; L P lower 
parallel j)latc, pait cd which 
forms the lower ball socket, 
so that the whole instrument 
I’ocks about the hall 1» as a 
centre by the action of the 
j)arallcl plate screws P S ; B' 
female screw for fixing to 
tripod head. The parallel 
plate screws are tapped, that 
is, have female threarls cut into 
the upper plate U P and their 

points press the lower parallel plate L P at certain points, 
Uiere }>eing a stop-piece placed round the pail, of one screw 
to j)revent rotation. The tripod stand is similar to that 
of the theodolite. The diaphragm of the dumj)y level is 
generally webbed with two vertical webs and one hori¬ 
zontal, but is in other respects similar to that of the theodolite 
(sec })age 65), to which the reader is referred. In use the 
image of the stall’ to be describe*! later, is brought between 
the v^ertical webs which indicate whether it is held upright. 
The upper margin of the portion of the horizontal web 
between the two vertical ones is the index of level to 
which all readings are made either for the adjustment or 
for reading the levelling staff in the field. The diaphragm 
of the level is adjustable by two vertical screws. 

S'uUe'ftse or stadia webs.—It is very advisable in all levels 
to have two extra webs for lines, cut in the glass diaphragm) 
placed one on each side of the central horizontal web, or 
line, fixed at such distance apart that the image of I foot 
of staff enclosed between the lines represents a distance of 
100 feet from the nodal point of the instrument. The 



latter is a point in front of the object glass, and its distance 
from tlio centre of the instrument is suj)p]ied by the maker. 
This is known as the constant, and must always be added 
to the distance read from the staff. Thus, say the lower 
stadia line reads 1*33 feet on the staff, the middle web 3*62, 
and tlie upper stadia lir)e 5*91 ; the centre reading is the 
height of the line of collimation, 5*91 -- 1*33 = 4*58 ; say the 
instrument constant is 12 inches. Then the distance from 
the centre of the instnine nt to the staff is 158 + 1 — 459 feet 

Improved Dumpy Devel.—An inijproved dumpy IcveJ 
is now made of wliich tin*, vertical axis is fixed directly upon 
the limb, and not through a, loose screw fitting for separa¬ 
tion at tliis point as in the ordin.ary dum})y. The setting¬ 
up adjustment is upon tribrach limbs with thi'ce screws 
only. 'These screws never strain the vertical axis. A level 
tube more sensitive can be ])ut in than in the ordinary 
duni])}’. Instead of the horizontal line forming the web of 
the diaphragm, a finely-pointed jffatino-iridiimi needle 
existing half-way across the diaphragm indicates the hori¬ 
zontal line of collimation by means of n j)oint. 

The adjustment of the level over the three screws is here 
inserted for convenient reference. 

Setting up level in trilrvach system of improved dumpy,— 
The level is first set parallel with any two of the screws, 
and the long-bubble adjusted by these screws to the centre 
of its run. The telescope is then revolved until it is directly 
over the remaining screw. The bubble is again brought to 
centre with this screw only. These operations are repeated 
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once or twice until the bubble remains centred with the 
telescope pointing in any direction. 

A three-screw instrument cannot be levelled by placing 
the telescope over each of the three screws in turn. Tlacing 
the telescope first parallel to two screws and then turning 
it through a right angle over the third screw is imperative. 
A small cross-bubble is fitted to facilitate setting the instru¬ 
ment ap[)roximateiy level with the stand. 

Thn (idjuMnianf^ of the ordinttr// (btntpi/ level are— 

(1) Adjustment for jiarallax. 
(2) Levelling the plates })y the parallel screws, 
(3) Adjustment of the horizontal limb. 
(4) Adjustment of the line of collimation. 
(5) Adjustment of the vertical limb. 

The adjustments 1 and 2 must be made on each occasion 
the level is used. The adjustments 3, 4 and 5 are made 
by the instrument maker before th(^ l()vel ](?aves his works. 
The engineer may attend to Nos. 3 and 4, hut in case the 
adjuslmeiit No, 5 is rectuired, the instruinent should be 
sent to the maker. 

(1) The (lilj of nient for parallax is the same as that described 
for the theodolite in chapter on angular instruments (p. (15). 

(2) Jlhc lerellmg of the plates la/ the parallel srreas is also 
similar to that described for the theodolite with the excep¬ 
tion that the level tube G (J in the illustration, page 101, 
is used instead of the levels O and I (h’ig., page 61). 

(3) The adjvstaient of the hnizontal liatlh—Place the tele¬ 
scope over two of the parallel screws and brijig the bubble 
of the level by means of them to the centre of the run. 
Turn the telescope 180°, so that the eye-{>iece rests in the 
same position as the object glass did on the first placing of 
the telescope. If the bubble is not now in the centre of 
its run correct for half the error by the parallel screws over 
which it rests, and for the remaining half error by the 
hinge-joint and locking-nuts which support the level on the 
telescope. Itepeat the operations till the bubble remains 
in the centre of its run in both j)ositions of the telescope. 
Then turn the telescope over the other pair of parallel 
screws, and perform the same adjustments as described, 
The bubble should now retain its position in any direction 
the telescope is turned, showing that the internal axis 
about which it turns is truly vertical. If it does not, and 
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if the error is serious, the instrument should be sent to the 
maker, and the adjustment No. 5 referred to, be made by 
him as already explained. 

(4) Adjud'iiuiiit of tkelineof colliitiafion.—The line of colli- 
mation has been fully dealt with in the part of this work 
referring to the theodolite. The mode of adjustment in 
the two insti-nrnents varies, that for the dumpy level being 
as follows :—On a tolerably level piece of ground measure 
100 feet exactly, and mark with a peg A ami C on each 
side of a central peg B thus :— 

ABC 
0 0© 

100 feet. 100 feet. 

The j)egs are to be driven down, so that the upper sur¬ 
faces are level, which must be ascertained with an ordinary 
mechanic’s level. The adjustment of the horizontal limb as 
described above must be examined, and if not accur’ate made 
so. Then plumb the level exactly over’ the centre peg, and 
take a reading from a Sopwith's levelling stall’ (as described 
later) on the peg A. IMace the sanui stall’on C and take 
the reading of this. Baise or lower, as may be I'cquired, 
the peg A or the peg C, until the reading from point B to 
each is the same. This gives a })erfect level. Whatever 
error there is in the diaphragm, being ecpial for each dis¬ 
tance A to B and B to C will not all’ect the case. Next 
take the level and adjust it at a point I) in line with the 
other pegs, and 20 feet further from B than the point A, 
as shown thus :— 

DA B C 

O O © © 
20 feet. 100 feet. 100 feet. 

Then with the level at 1) take the readings on the pegs 
A and C. These should be exactly alike, and if not the 
line of collimation is in error. The collimating of a level of 
this type is a somewhat complicated matter, so it has been 
thought advisable to give a full description in the form of 
an appendix. (See p. 235, Appendix V.) 

Iievelliug with the Mechanic’s Level.—This is the 
simplest form of levelling, and is commonly done in build- 
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iiig operations. A wooden straight edge 9 to 10 feet long 
about 4 inches wide and ^-inch tliick, to })revent warping, 
is used. It sliould have its faces and edges planed straight 
and true. The level is laid on the centre of the straight 
edge, one end of which is set on the place, with reference 
to which the level of a further point is required. 'I’he 
straight edge is raised at one end until tlie l)u])l)le is in the 
centre of its run. The level is then reversed to st‘e if it is 
true. If there is a dillerence ])etwecii the positions of the 
bubble tube of the level in its two j>ositions, the straight 
edge should be finally fixed so that the mean of the two 
positions of the bubble may ])e taken. The two ])oinls, on 
which the straight edge rests, are now lc\'el, an<l any 
number of points may be found by continuing the process 
described. 

Boning Bods.—A quicker method of the simple class of 
levelling is eliected by the us(i of boning rods These arc 
three in number exactly similar, usually 3 f<'et long, inches 
wide, and i-inch thick. They have a cross head about 6 
inches long. Paviors use them, ami for draining they 
are indispensable, but are in this case usually of gr(‘ater 
length than 3 feet. The method of using tlunn is as 
follows :— 

One boning rod is set u|) at the starting level point, and 
another at such a distance that the straight edge; descrih(;d 
above can conveniently re‘<t on it. The second boning rod 
is raised or lowered as required until the straiuht tulge is 
level, as indicated by a nua'hanic’s level. A third boning 
rod is then set up at a similar distance, and the straight 
edge set upon the second and third boning rods, but so that 
that part of the level Avhich, when sot uj) bel.wcen rods 
1 and 2, pointed to rod 1, now points to rod 3. I'he third 
rod is raised or lowered until the straight edge between 2 
and 3 is level. A line now joining the tops of 1 and 3 
will be truly level, as any error in the level has been 
neutralized by the reversing process, between rods 2 and 3. 
The rod 2 can now be removed, and can be set up at any 
distance, or boned, as it is termed, so that tluj top of it is in 
line with the tops of Nos. 1 and 3, forming a level line. If 
a point say B inches below or almve the starting {)oint 
is desired, the line is boned level as described, and the 
third rod then raised or lowered the required distance. 
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Any intermediate points between the first and third rods 
can be found by boning in between these points, so that 
the tops of the three boning rods are always in a straight 
line. 

Levelling with the Surveyor’s Level. The Levelling 
Staff.—With tlie surveyor’s level the vertical distances are 
determined from the surface of 
the ground to the point on a staff, 
resting on sucli sui face, at which 
the cross Aveh of the iliaphragm, 
})eing in the optical axis, or line of 
collimation of the level, cuts the 
staff. 

There are many hinds of such 
staves, Imt that now generally in 
use in this country was invented 
by So[)with, and is known as the 
Sopwdth stafi'. It is 14 feet in 
luiight, divided into three ])arts, 
sliding togedber, the two upper 
fixed by spring catches. The staff 
is divided into hundredths of a 
foot, each hiuidrodth alternately 
coloured black and Avhite. The 
feet are showm in large red figures, 
and the tenths by large black 
ones. 

The illustration Avill show the 
method of reading the staff. In 
some staves, and with gi’cat ad¬ 
vantage for reading at close <lis- 
tanc.e, small red figures of the 
number of feet are jdaced between 
the large red ones. Staves can 
be liad either with the measure¬ 
ment as above painted on, or with 
papers so marked pasted on the 
staff. The painted staves are 
recommended as more accurate, 
and as wearing better and keep¬ 
ing cleaner. 

Fier. 



CHAPTER IX. 

LEVELL1 NO (ronfilined) 

Curvature and Refraction.—In levelling there are 
two important elements to he considered, which if not taken 
into account will, in extended operations, result in serious 
error. They are— 

(1) The curvature of the earth. 
(2) Terrestrial refraction. 

It will be shown later how in ordinary practice the 
possible errors arising from these (causes can be very simply 
eliminated without calculation, but occasions may occur, 
as in the following: examples, Avhen corrections of a})])arent 
level must be undertaken. 

The curvature of the earth.—At the beginning of the last 
Cliapter (p. 99) it was shown that, owing to the figure of 
the earth being that of an oblate spheroid, a line of true 
level is in reality a curve, the extremities of which are 
equidistant from the earth s centre. The ditlerence between 
the apparent level, as indicated by the line of sight of the 
telescope of the level, and the line of true level, or line 
parallel with the contour of the earth, is t Jo of a foot at a 
distance of 650 feet from tlie instrument. The following 
demonstration will more fully explain the source of error, 
and the correction to be applied. 

Let B D E be a horizontal line—that is, such as would 
be given bv the line of sight of a level properly adjusted ; 
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B CF an arc of a great circle of tlie earth; and A its centre. 
It will at once appear from the 
figure, that tlie heights D C, E F 
of the apparent leveJ B E, alcove 
the true level, increase successi vely 
from the point B. 'j'he lieight 
E F of the ap[)arcnt level above 
the true, is e(]ual to the square 
of the distance B E divided by 
twice the earth’s radius A B, that 

is E F r:r 
B_E^ 

2“A IV 
and similarly 

/ /' ^ B D" 
JD C tVc., tlierefore the 

corrections for curvature, D C, 
E F, &c., vaiy as the squaies of the distances B I), 13 E, &c., 
since 2 A B is a constant quantity. 

CorreHion for cnrrntnrc.—Taking the earth’s I’adius to be 
3956^ miles, and assuming the distance B 1) to ]>e 1 mile, 
then the coi J’ection for curvature I> C = B l)^-f-2 A B 1= 

7913 =1 of a mile — 8*007 inches ~ nearly 8 
inches. If the distance BE nn 3 miles, then the correction 
EF — BE- -f- 2AB = — 72*0637 inches, or more 
than 6 feed-. 

liCt any distance B D il in miles, and tiie correction for 
curvature for 1 mile be taken =: 8 inches — ^ of a foot, 
which it is very nearly ; then 

correction — feet, 

for any distance d in miles ; 
c 

and let-g^- ~ d, c being chains ; then 

2 _ 2 X 12 _ r . 
correction 3-3-^x“80^'''- 800 

for any distance c in chains. 

Ter red rial refraefimi.—Befraction is ‘Hhe term generally 
applied to change of direction impressed upon rays of 
light traversing a medium the density of which is 
not uniform, as for instance the atmosphere. Terrestrial 
refraction is that refraction which makes terrestrial objects 
appear to be raised higher than they are in reality. This 
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arises from the air being denser near the surface of the 
earth than it is at a higher elevation, its refractive power 
increasing as its density increases.”’’^ 

Corrcrf'ion for Erfrarfion. — The (‘orrc(‘tion for refrac¬ 
tion varies with the state of the atmosphere, hut it may 
g(;nera]l3^ ho taken at i of the correction for curvature, as 
an average; and since refraction makes objects a])pear 
higher tlian they really are, the correction for it must he 
deducted fi om that for curvature. 

Example 1. Required the correction for curvature and 
refraction, when the distance of the object is 2^ miles. 

2 , ^ 2 X 0-25 

3 X O'<> ■)=- 3 - 
41G6 cor. for curvature. 

I of which is. ’595 cor. for refraction. 

Dili'erence.3*571 feet, cor. required. 

Example 2. Required the correction, as in the last 
example, when the distance is GO chains. 

GO’^ -r* 800 1= 4'5 cor. for curvature. 

\ of which is *643 cor. for refraction. 

Difference ... 3*857 inches, cor. required. 

Exarrqjle 3. From a point in the Folkestone road, the 
to}) of the kee]) of Dover Castle was observed to coincide 
with the horizontal wire of a levelling telescoj)e, when 
adjusted for observation, and therefore was apparent!}^ on 
the same level ; the diwstance of the instrument from the 
castle was il miles. Kecpiired the correction for curvature 
and refraction, that is, the true height of the keep of the 
castle above the point of observation. 

2 40*5 
X (4-5)'——-- — 13*5 feet, cor. for curvature. 

} of which.= 1 *93 feet, cor. for refraction. 

Difference .= 11*57 feet, cor. required. 

The Table set out on the following page shows the allow 
ance to be made for curvature and refraction for distances 
varying from 4 mile to 30 miles :— 

“ Imperial Dictionary/' 
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Table of Allowances for Curvature and Refraction. 

13ifference between apparent and true 
level for distimees in miles. 

Correction in feet and decimals. 

Difference between appaient 
and true level for distances 

in chains. 
Correction in decimals of feet. 

Dist. in 
miles. 

For curva¬ 
ture. 

For re¬ 
fraction. 

For curva- 
fure and 

refraction. 

1 

‘Dist. in 
chains. 

For cur¬ 
vature. 

For re • 
fraction. 

For cur¬ 
vature 

and re¬ 
fraction. 

j •04 -01 ■03 ' (m ■000 001 
i •17 02 ■16 ! 4 ■002 0(K) •fK)2 

1 37 ■06 ■32 4 k ■002 •000 ■002 
1 •67 ■10 •57 6 •003 •000 ■(m 

ih ]-60 •21 1-29 bl ■(m •000 •003 
2 2-67 •38 2-29 6 •004 •001 •003 
2.i 417 ■m 3-57 •004 •001 

3 6-0() •86 5-14 •o 15 ■001 •004 
3.4 8-17 1-17 7-0O 7k •000 ■001 •005 
4 10-67 1-62 9-15 8 ■007 •{>01 •006 
44 13-50 1 -93 1 11-67 •008 •001 •CK)7 
6 16-67 2-36 j 14-29 9 •008 •001 •007 

H 20-17 2-88 17-29 n •009 •fX)l •008 
G 24-00 8-43 20-57 10 ■010 •{X)l {>09 

28-17 102 24-15 lOi •on •002 009 
7 32-67 4-67 28-00 11 •013 •002 on 
74 37-60 6-36 32-14 ■014 002 012 
8 42-67 6-10 36-67 12 •015 002 013 

48-17 6-88 41-29 12^ •016 ■002 0J4 
9 64-00 7-71 46-29 13 -018 003 015 

60-17 8-6<t 61-67 13^ 019 •003 •016 
10 66-67 9 52 67-16 14 •020 •003 017 
loi 73-60 10 50 63-00 •022 003 019 
11 80-67 11-62 69-15 15 023 003 •020 

14 88-17 12-60 76-67 16.^ 025 •004 021 
12 96-00 13-71 82-29 16 027 004 023 
124 104-17 14-88 89-29 16A 028 004 ■024 
13 112-67 1610 96-67 17 •030 •004 •026 
13| 121-60 17-36 104-14 032 •005 0-27 ; 
14 130-67 18 67 11200 18 -034 005 •029 
14 140-17 20-02 120-15 18i 036 •005 031 
15 150-00 , 21-43 128-67 19 •038 005 ■033 
m 160-17 22-88 137-29 19^ 040 1 -006 034 
16 1 170-67 24-38 146-29 20 •042 006 •036 
16i 181-60 26-93 155-57 20J •044 i •006 j 038 
17 192-67 27-62 16615 21 •046 1 I 007 1 i -039 

m 204-17 29-17 176-00 2U 048 1 ' -007 1 041 
18 21600 30-86 185 14 22 -060 1 •007 1 -048 

1 m 228-17 32-60 196 67 22.A ■053 •008 -045 
19 240-67 34-38 206 29 23‘ •056 •008 •047 

i»i 253-60 36-21 21729 23^ 068 ■008 •060 
I 20 266 67 38 10 228-67 24*^ ■060 ■0^(9 •061 

21 294-00 42 00 262-00 24J •063 •009 •054 
22 322 67 46 10 276-67 25 066 •009 066 1 
23 862 67 50-38 302-29 254 •068 •010 •058 1 
24 384-00 64-8<5 329-14 26 •070 •010 ■060 1 
26 416-67 69 62 357-15 264 •073 •010 .063 i 
26 460-67 64-38 386-29 27 076 •Oil ■066 1 
27 486'00 69-4^1 416-57 274 •079 •oil 068 
28 622 67 74 67 448-00 28 •082 •012 •070 
29 660-67 80 10 480-67 284 086 •012 •073 1 
80 600-00 86-Tl 614-29 29 •088 •013 •076 , 

294 •091 •013 1 *078 
80 *094 •013 081 
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Procedure in iLeveiling with the Surveyor’s Level. 
—Levelling operations with this instrument are divided 
into— 

(1) Simple levelling, which consists in ascertaining the 
difference in level of one point from another, the point 
being located, so that both can be seen from the place where 
the level is set up. 

(2) Compcnind levelling^ of the same class as the fii’st, but 
extended, consisting, in fact, of several simple levelling 
operations connected together. 

Ordinary examples of compound levelling arc - 
(1) The taking of “flying levels,” or the ascertaining of 

the levels of tlie varioirs points in a line of country as a 
rough guide to a general configuration of the surface, and 
also to determine the levels of certain })oints to serve as 
star ting points for future levelling operations. 

(2) The taking of levels over what is known as a section 
lino (defined later), such line being previously set out over 
country already delineated on a plan, the horizontal dis¬ 
tances being measured at the same time as the levelling 
opci Jitions proceed. Ancillary to this is the taking of “ cross- 
sections,” or the ascertaining of the level of the surface for 
a required distance on one or both sides of the section line 
at certain fixed points. 

(3) Contouring. This is defined and separately dealt 
with in the latter jrart of this chapter. 

Record of Results of Levelling Operations.—Levels 
can be recorded in several ways :— 

(1) In a book for future reference. 
(2) On a plan, the point at which a level is taken being 

marked, and the loduced level written adjoining it. 
(3) On a section (to be explained hereafter). 
(4) On a plan by means of contour lines. 

Curvature and Refraction in Ordinary Opera¬ 
tions.—In ordinary operations corrections for curvature 
and refraction are seldom applied, the level being usually 
placed midway between the stations the levels of which 
are to be observed ; hence the resulting corrections for each 
station are equal, and the difference therefore of the levels 
at the two stations is as truly shown by the difference of 
the readings of the two staves fixed thereon as if the 
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corroclions had been made. Thus the trouble of making 
these corrections is avoided by simjdt/ placmg the instrument 
inuhvay hefwecn the two staves. In practice, it happens from 
time to time that, owing to the nature of the ground, it 
is impracticable to plant the level midway between the 
two stations. In such case—remembering that a distance 
of 6r>0 feet produces an error of *01 foot owing to curvature 
—the station should not ]>e far from the level, and the 
accuracy of the obsei vation will be unimpaired. 

Precautions in Levelling. 

The greatest care is required in levelling, both on the 
part of the observer at the instrument and of the man who 
holds tlu; staff. The observer should explain to the staff- 
holder the important })art he serves by the proper discharge 
of his duties. He should be shown that each of the teles¬ 
copic staves must be drawn out to its full length, and 
told to keep his eye on the spring catch securing them. 
Ho must always hold the staff in a vertical position, and 
in wdndy weather it requin^s some attention to do this. 

He should also be shown how to select suitable station 
points, such as stones firndy fixed in the road away from 
the main traffic, if levelling is being conducted along such 
a road. 

In the case of levelling through the open country he 
should be provided with a small circular footplate with 
convex boss, m hich any blacksmith can make. When he has 
once held the staff on the station point he must not leave 
it without the express direction of the observer at the 
instrument. The observer should read each station twice 
at the least, and the custom of the author is to read it 
three times. In the case of an intermediate sight it is not 
necessary to read more than once, excepting in the event 
of desiring to ascertain the level of a fixed point, such as a 
doorstep, or some other point which the observer desires 
to set up for future reference. Such fixed points are 
technically teimed “bench marks,’'as distinguished from 

those of the Ordnance Survey, ■which are known as Ordnance 
bench marks. When reading stations and such inter¬ 
mediate points the bubble should be examined to see if it 
is in the centre of its run, and if not, made so, prior, to 
taking the reading. In examining the final position of the 

I 
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bubble, the observer should stand at right angles to it. All 
readings should be made with the top edge of the exact centre 
of the horizontal web, as in some levels, although the centre 
is the line of collimation, the web is not exactly horizontal. 

Levelling sliould not be done on very windy days, as the 
same standard of accuracy cannot be secured, and similarly 
not in the rain, as the lenses are obscured, and sometimes 
the webs of the diaphragm are broken. 

Simple Xievelling. 

In the description of the dumpy level it was explained 
that the point at which the optical axis—or line of collima¬ 
tion of the instrument as indicated by the horizontal wel/ 
of the dia]>hragm—cuts the image of the staff, was the index 
of level. 

To hnd the difference of level between two points A and 
C, set up the level at a [>oint B e(piidistant from A and 0, 
as nearly as can Ix^ judged by the eye. Adjust the level 
and correct for parallax. Tln^ rule for difference of level 
is ‘^rnore staffs fall in grc)und ; less staff, rise,^’ since in 
the ffrst case the ground is farther from the line of collima¬ 
tion, and in the second case less, the line of collimation being 
level. 

E.civmple 1. 

Leading on staff at A as found is 10*60 
Reading on staff' at C „ is 1 T7S (or more staff) 

Difference in level or fall 
between A and C 1*12 feet 

Ea'ample 2. 

Reading on staff at A 9*66 
Reading on staff' at C 4*32 (or less staff) 

Diff'erence in level or rise 
between A and 0 5*34 feet. 

Compoiind Xieirellin^. 

Flying levels.—To find the difference in level between 
points A and G, set iip and adjust the level at B at conveni- 
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ent distance from A and take the reading on A, which is in 
this caselO’BC). Enter those figures in the column of back 
sig .s in the level book as in that accompanying this example 
(page 11 (>). Direct the staff holder to select a suitable station 
at 0, at which j)omt take the reading 11 *7^ whicli will be 
a fore sight, and enter it in the hook. In all cases the first 
reading oii setting uj) the level is a “back ” sight, and the 
last reading before removing the level to fresh ground a 
“ fore sight. 

It will be seen that the distances in height at points 
A and C from the line of collirnation, when the level is 
at 1>, will give the difference in level between these two 
points, as in the case of simple levelling ; the heights, 
10 G() at A, and 11-78 at C, give more staff at 0= fall of 
1-12 feet. 

Remove the level, and adjust it at D, the staff holder still 
remaining at C, but turning the face of the staff towards the 

level at T), With the level at D, take the reading at C 13*36 
which will be aback sight as explained. Place these figures 
in the column of back sights in the level book in a line with 
the last fore sight 11*78 as shown. Take the reading at a 
suitable station E 9*16 selected by the staff holder. Idiis 
will be entered in the column of fore sights, and gives (less 
staff) a rise of 4*20 above point (.! or (rise 4*20—fall of 1*12) 
a total rise atE of 3*08 above A. 

Remove the instrument to F, the staff holder remaining 
at E, but turning the face of the staff as before. The back 
sight at E is read to be 7*62. Direct the staff holder to G 
and take a fore sight, which is found to be 8-16 or a fall of 
0*54 from E, giving a total rise of (3*08 — 0*54) to 2*54 from 
point A. The results of these levelling operations are set 
out in detail below. 

Back sight on staff A .. 10*66 feet 
Fore sight on staff C . 11*78 

The fall from A to 0 1T2 difference. 
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Back sight on staff C . 13‘36 
Fore sight on staff E . 9*16 

The rise from C to E . 4-20 difference. 

Subtract the fall from A to 0... 1T 2 

The rise from A to E . 3*08 difference. 

Back sight on staff P] . 7*62 
P^ore sight on staff (1 . 8T6 

The fall from E to (4 0*7)4 difference. 

This fall taken from the rise from A to P'^, that is, 
3*08 
0-54 

gives the total rise from A to G .. 2*54, or nearly 
2 feet 64 inches. 

The difference of the sums of the back and fore readings 
of the staves, will more readily gi\'e the difference of level. 

Back sights, 
feet. 

10*66 at A 
13-36 at 0 
7*62 at E 

Fore sights, 
feet. 

11-78 at C 
9-16 at E 
8*16 at G 

sums 31-64 
29*10 

29*10 

2*64 difference of level. 

Co])y of Level Book to illustrate example of Flying Levels. 

Back 
Sights. 

In)er- 
mediates 

Fore 
Sights. Rise. Fall. Reduced 

Levels. 
Heading 

on 
Chain. 

i 
Remarks. 

10*66 Point A 
13*36 11-78 1*12 Point 0 

7*62 9*16 4*20 Point E 
i 8*16 0-54 Point G 

31*64 29-10 4-20 1-66 
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The levels in the foregoing level book are not “re<luced” 
—that is to say, reduced to some given datum- and they 
are not self checking, so that if an error has been made 
in any of the readings there is no means of detecting it. A 
complete system of keeping the level book and of ciiecking 
the levels is explained later, this example being merely an 
illustration of the principle. 

A Section is a I’epresentation of the surface of the 
country or otlier object, as it would appear if cut through 
by an intersecting plane showing the internal structure. 

Sections are divided into longitudinal- and cross-sections, 
the longitudinal being a section cutting through an object 
lengthwise and vertically, the cross- (or transverse) section 
cutting crosswise and vertically. A section line is the line 
of the intei'secting plane referred to. 

Batnm.—All levels are estimated with reference to a 
horizontal line, either real (such as sea level) or imaginary, 
such as a line at a level of 100 feet above sea level—or, in 
another assumed case, 20 feet below the threshold of a 
certain building. Such line, real or imaginary, is known as 
a datum, the line of collimation of the level, when adjusted, 
being of course parallel with it. 

Ordnance Datum.—The Ordnance datum is the datum 
to which the levels on the Ordnance surveys are referred. 

For Great Britain it is the mean level of the sea at 
Liverpool, which is 0-65 of a foot below the general mean 
level of the sea as ascertained from tidal observations 
taken at 32 stations in England and 18 in Scotland. 

The Ordnance datum for Ireland is not the same as 
that for Great Britain. It is indicated by a mark fixed in 
1837 on Poolbeg lighthouse, in Dublin Bay, and it repre¬ 
sented at that time the low-water mark of spring tides. 

Any ascertained level relative to the Ordnance datum is 
marked thus 7f\ on some permanent object, such as a bridge, 
town hall, milestone, or other suitable place. On referring to 
the Ordnance Map relating to the particular part of the coun¬ 
try, the height above the Ordnance datum is indicated thus, 
for examj>le, B. M. 134*60, showing that the centre of the 
horizontal line of the mark /fv at the point in question is 
134*60 feet above the Ordnance datum, the letters B, M. 
Standing for Ordnance bench mark. 
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Bench Mark, in ordinary practice, and distinguished 
from Ordnance bench mark, is a datum point fixed on the 
ground by the leveller for convenient reference, if occasion 
should present itself for any further levelling in the par¬ 
ticular locality after the country has been already levelled. 
Tliis saves the trouble of re-levelling the whole length, and 
also acts as a check on the levels. As previously stated it 
may be a threshold or other known point of sufficient per¬ 
manency. In selecting the place for a bench mark, the 
highest point should always be taken, and a sketch made 
in the level book indicating, and tlescrihing fully, the particu¬ 
lar ]Kfint thus : B. M. on the south corner of top step No. 
55, Station Road.’’ 

In selecting a step for a bench mark it should be very care¬ 
fully examined, as steps are often worn and of uneven level. 

In the case of a bench mark being desire<l in open country, 
the leveller should cut one on a large tree thus taking 
the same pr(icaution in describing it as stated above, for 
example :—“Bench mark thus Tf^ on oak tree, north corner 
of })lantation at point A on plan.’' 

In levelling operations bench marks should be fixed at 
every (piarter-miie at least, and oftener when necessaty, in 
case of continued levelling l>eing recpiircd, as for instance in 
setting out sewers. 

The Level Book. 

In the author's opinion the best form of level book is 
one 4 inches broad and 7 inches long, opening lengthwise. 
This saves laboui’ in adding up the respective columns. 
The form of level book (pp. 121,122) used in taking levels for 
the section referred to below will illustrate tliis descri}>tiori. 

It will be seen that there are seven columns and a space 
for descriptive observations. The first three columns are 
used for entering the vertical heights, observed at the time 
of levelling :—the back sights, the intermediate sights, and 
fore sights. The back and fore sights have been dealt with 
when describing simple levelling. The column for inter¬ 
mediate sights is for such sights, the levels of which are read 
between those read when the level is first adjusted, and the 
final reading before moving the instrument to fresh ground. 
The last reading on each page should be a fore sight for 
convenience in checking and “reducing" the levels. The 
next two columns are for the lise and fall in the sights as 
already explained. The sixth column is for the “ reduced 
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levels, or levels reduced to some known datum fixed at the 
commencement of the section. The seventh column is for 
the horizontal distances measured. 

Iievelling along a Section Xaine. 

In tliis case the horizontal distances are measured at the 
same time that tlic levelling is done, the line of section 
having been previously set out. The levels should commence 
at a bench mark, the level of Avhieh is known, and the 0])era- 
tions should l)e continued to another known bench mark. 
It is not necessary tliat these heiieh imuks should he 
Ordnance bench inaiks (since, in order to attain this, 
levelling operations might have to be extended for a. con¬ 
siderable distance), but it is desirable that they should ])e. 

A proof of the accuracy of the levelling is thus arrived 
at, since the distance between tlie sum of the hack sights 
and the sum of tire fore sights, if the levels have been 
accurately taken, should erpial the difrerence in level of the 
datum points at the cornnieucemeiit and end of the section. 
Frequently the levelling operations, commencing on a 
certain bench mark, can conveniently he arranged to end on 
the same bench mark. Jn this case no diflerence should 
exist between the sum of the Imck sights and tlie sum of 
the fore sights. A reading is taken at each appreciable 
change of inclination of the ground. 

In the case of a ditch and fence it is usual to take a 
reading of the surface on eacli side of the fence, a reading 
in the bottom of the ditch, and a reading of the top of the 
bank or cop on which the liedge is j)lanted. If, when 
levelling, the level of an intermediate jroint (not required 
for a bench mark) is too low to be r ead by the level, tlie 
staff may be held up till the line of collimation cuts it. The 
reading is then taken, and the distance from the foot of the 
staff to the ground at that particular’ point is added to the 
staff-reading, thus 13-70-1-5 *04=118-74. 

The copy here given (pp. 121, 122) of the level book used 
by the author in taking measurements and levels for the 
main sewerage works of a parish in Lancashire will, it is 
hoped, together with the section likewise given (p. 120) 
render the method of procedure int.clligible. The horizontal 
scale of the section is reduced for convenience ; the actual 
scale to which the section was drawn was 1 chain per inch. 
Another example of a section is given in Chapter X., in 
which the line is taken across country. 
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Level Book (Main Sewerage of Crostou, June, 1897). 

£-2 i d 

^00 ^ act -21 m 
« II ■a 

o 

Remarka. 

2-71 24-6 feet. O. B. M. on coHag-e 
abutting on biook 
and opposite gas- 
works 

7-73 6-02 19-68 Top of 6-in. common 
tile in footpath, just 
before entrance to 
brook, being drain 
for houaes from Sta¬ 
tion to point A on 
plan. 

'J'op of 6-in earthen- 710 0-63 20-21 
waie drain in loot¬ 
way before entrance 
to bro< k, draining 
bonaea from point A 
to brook. 

8-45 1-36 18-86 Invert of 9-in, E.S.B. 
drain. 89 ft. 8 in. dis¬ 
tant from C, Station 
Boad, draining the 
Trafford Aims imd 
building land on W. 
side Station Road. 

3-74 4-71 23-67 00 C. Station Road. 
486 I'll 22-46 100 ('. roadway over 

brf>ok. f(i. wide. 
6'82 1-97 20-49 Ibiderside stone 

1 e irer Culvert under 
road. 

8-88 1 206 18-43 Bottom of brook 
under road. 

4'06 4-83 23-26 200 In C. Road Oanncl 
Reach. 

6 97 3-21 0-84 24-10 300 lutto. 
6-02 l-Of) 1 26-15 400 Ditto. 
5-32 0 60 26-76 4824: Ditto, in line w'lth 

N gable.T’loughlnn. 
5-Ofi 0-26 9601 Threshold, ditto 

1 23*76 ("ellai, 2 it. 3 in. deep 
below. 

6-25 0-19 2.6-82 GOO 1 
2{)8 2 67 28-49 Top thieshold, Crow'U 

Hotel. 
23-24 Cellar 5 It. 3 in. below 

4*67 5-21 2-63 25 80 700 
712-6 In line with B. gable, 

Crown Hotel, 
4-10 0-27 26-13 SOO 
4-70 0-30 2683 900 
4-70 0-00 25-83 1000 

6*60 4'f>l 0'19 26-02 1100 
6-28 0-32 26-34 1200 

1269/9 In line with 8. gable, 

4*94 0-34 26-68 
Railway Tavern. 

Threshold, Railway 
Tavern. 

23-38 Cellar 21t. lOin. below 
6-02 0-08 26-60 1315 C. Westhead Lane. 
6-65 0-6t 26-07 1400 

7-04 1-49 24-68 1500 

19-96 19-97 16-71 16-78 
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Level Book- - (unitinned. 

0) . 1 
1 

C
h
a
in

. 

s gj, r/J 

® 
Pm ^ 1 Remarks. 

1 feet. 
19-95 i:> 97 16-71 16-73 ; 24.58 Broug-ht forward. 

4 55 0-66 1 23-93 1600 
1 1683 Cpp. C. lobby, N side 

Wheaishejif. 
4-75 0-20 23-73 1704) 

3-09 3-01 1-71 25*14 Thieshold, Wheat- 
shoaf Inn. 

20 69 Cellar, 4 ft. 9 in. be- 
1 low. 
I 4-83 1*74 23-70 1745 C\ road to Lord Nel- 

son. 
4-37 0-46 24 16 1800 
3'05 0 72 24-88 1900 

f)'49 4-29 0-64 24 24 2(X)0 
6'3() 0-16 24-40 2100 
5 40 0-90 25-30 7'breshold, Horse- 

18 05 
shoe Inn. 1 

Cellar, about mi cl die 
of Inn, 7 ft. 3 in. bor 
low 

j 2168 8, gable Horse*shoe 
inn. 

6 04 0-36 25-66 2186 Opp, (h (■’hiirch Road. 
4-02 1-02 26-68 Threshold, Crapes 

Inn. 
24^2 Cellar, 2 ft. 2 in. be¬ 

[ low. 

4*58 

1 2-208 In line with 8. gable, 
Grapes Inn. 

0-56 : •26*12 2.300 
4-04 5-43 0 85 j 26-27 2400 

4-70 0 66 : 24'6t •2500 
i 4-80 o-io 24-61 2«00 

5*06 1 0-26 24-25 24-'Hl C. Highfi^'ld Lane. 
4*96 0-10 1 24-96 2800 

2*31 2-ea5 i 27-00 27 00 O.B M. C. of 
Highfield Lane and 
Grape Lane. 

1 37-44 3504 21-79 22-39 

The section line in question was arranged down the 
centre of the highway, thus forming an irregular line. The 
section was commenced at an Ordnance bench mark 24*60 
opposite the gas works, and ended at an Ordnance bench 
mark 27*00 at the comer of Highfield Lane and Grape 
Lane. The first reading was of course a back sight, 2*71, 
and various intermediate sights were taken before the first 
foresight which will he seen at 3*21 The level was then 
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removed to fresh ground, the new back sight toeing 6 97 
(placed in the level book on the same line but of course in 
a ditfereni cohinm from the first fore sight). Intermediate 
sights were then taken, and the next fore sight was 5*21. 
The level was then moved an<l the new back sight was 4*G7, 
and so on, the last sight of all, 2dl], being a fore sight, the 
staff being held on the Ordnance bench mark at the corner 
of Highfitdd Lane and Orajje Lane. 

Thti dej)tbs of the cellars mentioned were measured with 

the ta[)e from the top of the ground floor of the I’espective 
premises. 

The accuracy of the levelling was determined from the 
fact that the difference between the sum of tlie back sights, 
37*44, and that of the fore sights, 35*04, or 2‘40, equalled 
the difference hetw’een tlie level of the two bench marks, 
iiamel}’, 27*00-24‘()0 or 2*40. 

B>ednciug the Levels. 

Th(‘- reducing of the levels, not having previously been 
fully ex])lained, is liere jwesented in some detail. After 
ascertaining that the levels arc correct as j)i’eviousl3" indi¬ 
cated, the rise and fall columns are filled in. The levels 
are read obliquely from left to right, and referring to the 
record we liave the first siglit 2*71 and the next 7*73. 
This gives 5*02 more staff and consequently a fall as already 
explained. These figiii es 5*02 are entered in the fall column 
in line with the last sight taken into consideration, viz., 
7*73. The next sight 7*10 is now dealt with, and is 
considered with reference to the last sight 7*73. Here we 
have in the new sight less staff and consequently a rise of 
7*73 — 7*10 or 0*63, which is duly entered. The next sight 
8"45, considered with 7*10, gives a fall of 1*35. 

These operations are continued till we come to the inter¬ 
mediate sight 4*05, taken just before the fore sight 3*21, after 
which the level is removed to fresh ground. The levels 
being reduced from left to right, this gives a rise of 4*05 — 
3*21, or 0*84, which is set down in the rise column. 

The next levels that are considered are those of 6*97 back 
and 5*92 intermediate, the back sight being on the same 
sight point as the fore sight 3*21, but being now read from 
the new line of collimation. Reducing from left to right we 
have a rise of 6*97 — 5*92 equal to 1*05. The sights 5*92 
and 5*32 are next considered, and so on. 
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As mentioned in the description of the level book, the 
levels should be so arranged that the last reading on each page 
is a fore sight. If this is done, the dillerence between the sum 
of the rise and fall columns on each page will equal the differ¬ 
ence ])etween the sum of the back sights and fore sights, so 
that each ])agc can be balanced Indore j)roceeding further. 
The sum of the back sights and fore sights on each page is 
carried forward to the end of the levelling operations in their 
res{)ective columns, as is also the sum of the rise and fall 
columns, and, at tlie completion of the reduction of the 
levels, the difference of each respective set of columns should 
be equal. 

The reduced levels of the several points arc obtained from 
the rise or the fall entered opposite the location of each 
point, by adding a rise or deducting a fall to or from the 
last preceding number in the column of reduced levels, 

tlmt nuf/thrr han Imcn obtained by nuam other than a back 
or fore si(/Jd or inieraiediafe dghh in which case the rise or fall 
is addeil to or deducted from the next preceding one 
obtained by the level. For exanqde:—the reduced levels 
2376, 23-24, 23*38 (p. 121), 20-61), 18-05, 24-52 (p. 122), 
are those of cellar-floors, taken with the tape or foot- 
rule, and estimated from the reduced level of the object 
whence they were measured. Such reduced levels should 
in the level book be run round with a line or otherwise 
distinguished, to jjrevcnt their being used for calculation of 
those obtained by observation with the level and staff. 

The recorded reduced level of the 0. 11 M. from which 
the work commences being 24-60, the fall 5 02 subtracted 
from it gives 19-58 as the reduced level of the first point 
noted. The next, a rise of 0-63, added to 19-58 gives 20*21 
as the reduced level of the second point; and so on. The 
reduced level 25*82 of the point at 600 feet is obtained 
by subtracting its fall, 0*19, not from 23*76 but from the 
next preceding one 26*01, as above explained. 

At the foot of each page the difference of the last re¬ 
duced level and the reduced level at the very beginning 
of the section will equal the difference between the back 
sights an<l fore sights for the particular page. 

The method of plotting the section is shown in Chap¬ 
ter XIL 
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Cross-sections, to show the surface left and right of 
certain points in the main section line, are usually taken at 
right angles to that line, and are set out with the optical 
square. If they are required to make an obli(jue angle with 
the main line (as is often the case at the crossing of roads, 
especially if these have to be raised or lowered), they are 
set out with the prismatic com{)ass or the box sextant. 
Kight-angled working cross-sections for a railway whose 
centre line is already chain-stumped, can be correctly and 
very expeditiously set out with a stout cord (preferably of 
sash-line, as it does not kiidt), 62 yanls long, having a loop 
at each end and a mark at the middle of its length. A 
ranging-i)ol() is jatchcd at the chain-stump through which 
the cross-section is to be taken, the loops are secured at the 
next chain-stump on each side, the cord is drawn taut at its 
marked centre, and a pole pitched there. On the other side 
of the main line a third pole is ranged with these two. This 
method is specially useful where cross-sections occur on a 
curve of the maiti line. 

Time and trouble are saved, by setting out the lines of 
cross-sc(‘.tions in advance of the levelling party, and (if 
circumstances permit) leaving at each f)oint on the main 
line a slip of paj)er containing the <listinguishing number of 
the cross-section, and a memorandum of the distances 
(“ left and “ right ’’ from the main line) at which levels 
ai’e desired. The staff-holder sets the levelling-staff* at these 
points in succession, calling out the number of the cross- 
section and the distance of the particular place where he is, 
as :—“ Cross-section No. 2, 20 feet left ” [of the main line]. 

In using the terms “left and “ right,one is understood 
to be looking forward from the beginning of the main line. 

Collimatiou Method of Bedncing Levels.—Another 
method of laying out levels is known as the collimation 
method. This, though not in general use, is stated to be 
easier, and it saves one column of figures. The following 
shows some of the records of the level book above with the 
levels reduced according to this method :— 
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Level Book, with Levels reduced by Collimation. 
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2‘71 
i 

1 

27*31 24*00 

7-73 19*38 

7*10 20*21 

8-45 IS 80 

3*74 23*:)7 
4'So 22*40 

0*82 ?0 4!) 

8-88 18-43 

4*05 
1 

23’20 
6*97 3*21 31 07 24*10 

6*92 
And 

23*L) 

so on. 

*1 1 Remarks. 

! 0. B. M. on cottage 
I abutting on brook, 
I and oppoHito gas 
I works. 

Top of 6-in. eoramon 
tib> in footpath just 
before entrance to 
brook. 

i Top of 6“in. earthen- 
1 ware drain. 
! Invert of 0-in. E.R.P., 
j S9 ft. in. from C. 
1 Station Itoad. 
! C. Sration Koad. 
: I )itto. C. roadway over 
: brook. 

TMersido of stone i 
hoarcr, E of brook. 

Bottom of brook, E- 
of road. 

0. road. Cannel Leac^h. 
Ditto. 
Ditto. 



LEVELLIIsa 127 

Contouring. 

Contour lines arc lines traversing all points on gr ound, 
within a certain area, whicli are at the same relative level. 
The process of deteiTiiiniiig such lines is known as contour¬ 
ing. These lines, when levelled and surveyed, are depicted 
on a plan, and show the various relative levels of any jroint. 

A j)lan of any city, town, or district, with the contour 
lines carefull}’ laid down on it, enables the engineer to 
devise the best and most economic means of carrying out 
any system of sewage, drainage, irrigation, or water-works, 
as well as such railways or public ivjads as may be rec|uir“e<1. 

If we imagine a hill to he cut by any number of horizontat 
planes, and the outline of each cut, as seen fr-om above, to 
be pi’ojected orthographically on the map or plan, the out¬ 
lines of the cuts so })i’ojecLed ai'e called contour lines. These 
lines are ideirtical in {losition with the outlines that would 
be formed if the sea were to sui round the hill and rise to 
heights corresponding with those at which the horizontal 
planes just icfcvred to would cut the hill. If a hill were 
similar in form to a right corre, its contour lines would be 
represented on the map or jrlan hy a number of concentric 
circles ; the apex of the cone being the centre, and the 
outermost circle the circumference of the base of the cone. 
A hill in shape like an oblique cone would be represented 
by eccentric circles. 

The distance on the jdan between each contour line is 
termed the horizontal equivalent. 

The Ordnance Survey has done much to render contour¬ 
ing necessary only in extraordinary cases, for on the Gdnch 
map the contours are at intervals of 25 feet. These inter¬ 
vals are known as vertical inter>'als. On the parish and 
town maps also the levels of the principal roads are marked 
at frequent intervals. 

On the appended plate (facing p. 128) is shown apian, on 
a scale of ten chains to the incli, of a })art of the city of 
Liverpool, with the contour lines, or lines of equal altitude, 
represented thereon. The contour lines are shown at every 
four feet of altitude, as indicated by the numbers inserted 
on them. 

The method generally adopted for determining the posi¬ 
tion of the contour lines is this : levels are taken along the 
most suitable streets or roads, or in a direct line between 
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two or more points of the district to be contoured. The 
most suitable roads, streets, or lines to be levelled are those 
which intersect the contour lines at right angles, or nearly 
so. Bench marks are made in the most favourable places, 
or stakes are driven in the ground at or near the points 
where the contour lines will run through : the altitude of 
each stake being carefidly marked on it. 

Suj)pose, for instance, that the line from A to 1> on the 
plan had been correctly levelled, and stakes driven down 
at 64 feet above Ordnance datum, at 68 feet, at 72 
feet, and so on. It is evident that the contour lines of 
corresponding altitudes must pass through the positions of 
these stakes. Then, in order to determine the 64 feet 
contour, for example, the level is placed at a distance of 
4 or 5 chains from the stake at that altitude, the back 
staff is placed on the stake, and read off by the level, after 
it has been carefidly levelled ; the staff is then sent forward 
4 or 5 chains in the direction the contour lino seems to 
take ; if the reading of it by the level agrees with what it 
was on the stake, the position of the staff is in the contour 
line. If the reading of the staff should be more or less 
than that at the stake, the staff is to be moved to a higher 
or lower position, until the reading is the same as that at 
the stake. When the true position is found, the level is 
then moved forward, while the staff remains where it is 
until the back sight or reading is taken, when the staff is 
again sent forward, and so on. Previously, however, to 
the staff being sent forward, some distinctive mark should 
always be placed where it stood, in order that the surveyor 
may be enabled to survey the contour lines, so as to fix 
their positions on the map or plan. 

The marks usually placed at the positions of the staff on 
the contour lines are twigs, or small cuttings from the 
branches of trees. These are stuck in the ground, with 
pieces of paper at the top, to render them more conspicuous. 
The surveyor then lays out his chain lines in the most suit¬ 
able manner, and takes offsets to the twigs or cuttings, and 
notes them in his field book. He is then able to plot the 
various courses of the contour lines as if they were fences, 
and to show, if necessary, the position on the map or plan 
of every point on the contour line where the staff' stood. 
The dots on the contour lines, on the plan represent the 
positions of the staff. 
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If the map or plan be correct, the chain lines for sui v(‘yiiig 
the contours can generally be fixed by the means of the 
fences and other details. 

Levelling with the Theodolite.—(1) The theodolite 
can be used in the same way as the ordinary dum]>y level by 
clamj)ing the vertical arc, and bringing the bubble of the 
telescope to the centre of its run, precisely similaily to the 
preliminary pie])arations for taking a veitical angle as 
described in the chapter on angular instruments. 

(2) By angular measurement and calculation. The use 
of the theodolite is sometimes necessary in levelling opera¬ 
tions, especially when these operations are required to be 
conducted over very high aiul rapidly rising ground, or 
over steep and almost |)erpendicular rocks, where the 
ordinary levelling instrument cannot be fixed. 

Select a convenient place to fix the theodolite, where the 
general inclination of the surface of the country changes, 
without regarding minor inequalities; then set the instru¬ 
ment level by means of the parallel plate screws, and send 
an assistant for’wai'd with a staff*, having a vane or flag 
fixed to it, of the same height from the ground as the centre 
of the axis of the telescope of the theodolite. Having gone 
to the station required, the assistant must hold the vane 
staff’upright, while the observer measures the vertical angle, 
which an imaginary line connecting the instrument and 
staff’ makes, with the horizon. A second observer with a 
theodolite at the point where the staff* is placed, should 
at the same time with his theodolite, read the angle, which 
a similar staff placed at the j)oint whei*e the first theodolite 
is fixed, makes with the horizon. In order that both obser¬ 
vations may be made simultam ously a preconcerted signal 
must be arranged between the observers. The mean of the 
two angles may be consideied the correct angle. This pre¬ 
caution is necessary on accoimt of the variableness of the 
refraction, and more especial!so where the points of obser¬ 
vation are at a great distance, and one much higher than 
the other. The distance on the slope must be measured in 
the meantime, which, with the mean angle, constitute the 
hypothenuse and angle at the base of a right-angled triangle, 
in which the base is the horizontal distance between the 
two stations, and the perpendicular their difference of level 

In this maimer, by considering the surface of every prim 
K 
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cipal undulation as the hypothonuse of a right-angled 
triangle, the operation of levelling may be carried on with 
great rapidity ; but without strict accuracy. An error of 
a single minute j)roduces a diflerence of level of 3 feet in 
a distance of two miles. The difference in level is computed 
from the product, of the horizontal distance and the tangent 
of the mean angle observed. 

lie veiling with the Barometer.—There are two 
classes of barometers : (1) the mercurial barometer ; (2) 
the aneroid barometer. 

The mercurial barometer is familiar to all, and its use, in 
the measurement of heights, dej>ends upon the fact that, 
in a barometer carried to different elevations, the height of 
the mercui'ial column, whicli is balanced by the density and 
weight of the atmosphere, diminishes as elevation increases. 

The height of the column at sea level at a temperature of 
32° Fahrenheit is 29-95 inches. Experiment has pioved 
that with an elevation increasing in arithmetical pro¬ 
gression, the density of the atmosphere, and consequently 
the height of the mercurial column balancing it, diminishes 
in geometrical progression. The difference of reading is 
nearly 10 feet of increased elevation above sea level for 
every 0*01 inch decrease in the height of the column. 

It is seldom tliat the mercurial barometer is used, except 
as a check on another instrument, it having been superseded 
by the aneroid, as more portable and convenient. Tables 
of increase in elevation relative to decrease in the height 
of the mercuiial column have been worked out and can 
easily be procured. 

The aneroid barometer is the barometer now almost ex¬ 
clusively used by engineers for approximate determination 
of altitude. It consists of a chamber corrugated on the 
outside, from which the air has been exhausted, thus forming 
a vacuum chamber. The axis of tliis chamber is connected 
with a main-spring of very flexible thin steel. A lever arm 
moving the indicating apparatus, or hand upon the dial, 
is fixed to the ntain-spring. The movement of the hand 
upon the dial depends upon the pressure of the atmosphere 
upon the vacuum chamber, the surface of which is depressed 
or elevated as the pressure of the atmosphere is increased 
or diminished. Upon the dial is marked a scale of altitudes 
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corresponding to the relative density of the atmosphere 
at the several elevations. 

In levelling with an aneroid barometer another should be 
kept in a separate place, and its vaiiation recorded at 
frequent intervals so as to be a check uj)on the one in 
use. The temperature should be noted during the time 
of the observations, and corrections made for it. 

Levelling with the Hypsometer.—The hjpsometei 
is a portable instrument, consisting of a thermometer con¬ 
nected with a small boiler, under which is a s])irit lamp. 
Its action depends upon the temperature of the boiling point 
of water as indicated at relative heights, due to the jii essure 
of the atmosphere. It is well known that water l)oils when 
the tension of its vapour is e(]ual to the pressure of the 
atmosphere, and then the density or weight of the atmo¬ 
sphere diminishes in geometrical progression as the altitude 
attained increases in arithmetical progression. 

Lefroy^s rule for indicating altitude by the boiling point 
of water is as follows:—“ Allow for each degree below 
212° Fahrenheit that water boils in mean state (or about 
30 inches) of barometer, 511 feet for lirst degiee, 513 feet 
for second degree, 515 feet for third degree, and so on.” 
Hence with the boiling point at 209^^ Fahrenheit the alti¬ 
tude will be the height at which water boils at 212° -f 
(511 -f 513 + 515 feet). 

Some observers consider this instrument quite as reliable 
as the barometer, and there is no doubt that it can usefully 
serve as a check upon it. 



CHAPTER X 

BAILWJY SUJnBYINO. 

Previous to making surveys of this kind, the line of the 
proposed railway, as far as it can be determined by trial 
levels (see Ch. IX., ]), 112), must be roughly delineated on a 
map of the part of the country or district through which it 
is proposed to j)ass (Ordnance maps are the best for the 
purpose), with which the superintendent of the survey 
must l)c j)rovided, that he may know what part of the 
country is recpiii’ed to be surveyed for the intended railway, 
and in wluit direction the main survey line ought to be 
taken, which should be as near the pi‘oi)Osed line of rail¬ 
way as the obstructions arising from woods, rivers, &c, 
will admit. 

When, therefore, a new survey is reciuiied to be made, 
range the first base line, fixing stations at the most con¬ 
venient points, also other stations, to the right and left of 
the main line, in the direction of fences, roads, rivers, &c. 
The measurement of the base line, and the filling ii}) of the 
survey on the right and left may then ])roceed, as shown 
in the chapter on Chain Surveying. 

When the first base or main line begins to leave the 
direction of the pro])oscd line of railway, a second main 
line must then be set out, from a station 10 or 15 chains 
short of the extnmiity of the first main line, so that the 
two main lines may thus be efiFectually tied together. The 
survey may be continued similarly with any number of 
main lines. Sometimes obstructions prevent the effectual 
tieing together of the main lines, in which case the theodolite 
must be used, as is shown later. 
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The width of the survey should bo from 5 to 20 or 30 
chains ; the greater widths 
being wliere it has not yet 
been settled where the line 
of railway shall pass, or 
wher’e there are curves or 
some engineering difficulty. 

The figure here given repre¬ 
sents a survey of this kind. 
The thick curved line ii W is 
the projected railway ; A B 
the first base line, which at 
B begins to leave the direc¬ 
tion of the line of the rail¬ 
way. At a convenient 
station in the first main 
line another main line C D 
is set out, crossing and re¬ 
crossing the railway. The 
line C' I) is connected with 
A B by the tie line B E. 
In the same manner the 
next main line may V)e con¬ 
nected with C D, and the 
survey conducted thus to 
any extent or in any di¬ 
rection. The filling up of the 
chief parts of the survey is 
shown by the dotted lines on 
both sides of the main lines 

Survey of a District for a Railway where 

Obstructions Occur. 

In the next figure (p. 134) R W is a portion of a projected 
railway, and A B, B C the main lines to survey that portion 
of the district afi’ected by the railway. The first main line A B 
runs along a road, till it is obstructed by a large wood on 
the left, a river being close to its right; and, since the 
direction of the railway changes near the point of obstruc¬ 
tion to the left, a new main line B C is taken. 

Here the use of the theodolite is indispensable to take 
the angle of the two main lines A B, B C at B, as it is 
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impossible, on account of the obstnictions, to obtain tie lines 
ooxinect the main lines excepting with great trouble. 

The parts of the survey adjoining the wood and the brook 

may be filled up in the usual way, while angles must be 
taken from two or more stations, to determine the positions 
of objects on the right and left of the railway. As the 
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railway again leaves the direction of the main line B C at 
C, a tliird main line will be required (this line is not shown 
in the figure); which may be either tied to B C, or its 
angle of inclination with B C be taken with the theodolite, 
according to convenience. The filling up of part of the 

survey to the right and left of the part of B C towards C 
may be done with the prismatic com|)ass, or box sextant. 
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RAILWAY SURVFAIN(J. 

Railway Plans and Section^. 

The illustrations here given of a plan (}>. 135) and a sec¬ 
tion (p. 136) will serve to show the manner in which ])lans 
of projected railways are required to be presented to I’arlia- 
rnent. Each parcel of land on the plans is numbered, and 
the plans are accoinj>anied by a “Book of Beference,” 
giving the names of the owner and the lessee or occupier, 
and a description of every parcel numlK-red on the plan. 
Sections and cross-sections are also requiied. 

The limits of deviation, generally shown by thick l)lack 
dotted lines, usually extend 5 chains on (ach side of the 
centre line of the railway, and only within these limits 
may the promoters vary the line of railway without fresh 
statutory powers. Sometimes the limits of deviation are 
placed nearer the central line of railw'ay, to avoid opposition 
from cotitemplated expensive severance. 

The Standing Orders of the Houses of Pailiarnent atlect- 
ing Private Bills, to which the reader is refeired, j)rescribe 
certain requirements which must be rigidl}’ complied wdth 
to pass the Examiner on Standing Orders. The scale of 
the plans must be not less than 4 inches to the mile, and, 
of large plans requiied, not less than one quarter of an inch 
per 100 feet. Tlie sections must be drawn to the same 
horizontal scale as the jdan, and to a vertical scale of not 
less than 1 inch to each 100 feet. Cross-sections, as re¬ 
quired by such Standing Orders, must be on a horizontal 
scale of not less than 1 inch to every 330 feet, and to a 
vertical scale of not less than 1 inch to every 40 feet. 

Setting-out Curves. 

In railway practice the curve adopted is in almost all 
cases an arc of a circle, and sometimes tvo, three, or more 
consecutive arcs of circles of different ladii, having a 
common tangent or tangents at their point or j)oints of 
junction, as in the compound curve. Frequently the rail¬ 
way curve is composed of two or more cii’cular arcs, having 
their convexities turned in different directions, with a com¬ 
mon tangent or tangents at their point or points of junction : 
a curve thus composed is called the serpentim or reverse curve. 
The straight portions of the railway are always first laid 
out. and are, in all cases, tangents to the curves at their 
termini, the curves being in the place of the angles formed 
by the intersection of the straight portions produced 
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A length of straight railway always intervenes between 
two curved lengths. Curves can conveniently be set out 
by tables, thus saving laborious calculations, and for this 
reason the radius should be a round number, either a 
multiple or a sub-multiple of a hundred. Radii are set 
out either in Gunter’s chains, as for instance a curve of 10 
chains ludius, or in multiples of 100 feet, as a curve of 
1,000 feet radius. Given the radius and the angle of inter¬ 
section of the tangents, the remaining functions of a curve by 
trigonometry, or in most cases in practice obtained easily, can 
be worked out from the tables. 

Curves of less than 20 chains radius should be set out in 
i-chain chords. Curves of more than one mile radius may 
be set out in 2-chain chords. 

The following diagram and formuhe are inserted to 
render future references intelligible :— 

R = Radius of curve. 
T = Length of tangent = R tan y, 
X = Half angle of intersection. 
D =: Distance of centre of curve from intersection. 
C = Any chord. 
A = Tangential angle of C in minutes. 
y = Angle of deflection for whole curve. 
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E- 
1719 C 

~ - = 1 tan X, 
A 

T = R cot. X 
D — R (cosec. X — 1). 
, 17]9 C. 

A = -j ~ 

S =: R COS. X. 

Y rr coversine x. 

Number of chords in curve = 
A 

Length of curve — *000582 R (5400 -- x). 

Note.—X and A in the two preceding formulae must be 
expressed in minutes. 

'Idicre are various systems of ranging curves, the follow¬ 
ing being illustrated below,, viz. :— 

(1) With a theodolite and chain. 
(2) With two theodolites only. 
(3) Ry offsets in equal chords. 
(4) By equidistant points on a curve from two tangents. 
(5) By ordinates from chord of whole curve. 

Case I.—7h set out a curve vnth one theodolite and a chain.— 
This method is known as Rankine’s method of setting out 
by tangential angles, and, with the method next described, 
gives the most reliable curves for railways. Mr. Beazeley has 
published tables on cards for placing on the theodolite, 
giving the tangential angle required for any common radius 
at a glance.* 

The following data are given : the lengths G A and B H 
are straight lengths, and A and B the two points to be con¬ 
nected by a curve of 20 chains radius, the pegs to be set 

♦ ‘ ‘ Tables of Tangential Angles and Multiples for Setting out 
Curves from 6 to 200 Radius.*’ London: Crosby Lockwood and Son. 
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out on the curve 66 feet or 1 chain apart measured as 
chords. Range G A and B H to intersect in C and drive 
]:)6gs in the ground at A, C and B. Fix the theodolite at 
A with its vernier clamped at zero, the telescope being 
(lirected on C the ])oint of intersection of the tangents. 
Now by tlie formula above, A the tangential angle of any 

chord in minutes 
1719 C , 
— - therefore in this case =: 

17J9 

20' 
1° 26'. 

Lay off the tangential angle CAD = 1*^ 26', the chain 
being extended from the tangent point A to 1) in the same 
line as that of the optical axis, or line of collimation of the 
theodolite. This will give the first point D in the curve. 
With the theodolite still at A set off the angle C A E =: 
twice the tangential angle = 2° 52'. Extend the chain 
from D to meet the line of collimation of the instrument 
at hi, which will be the second point in the curve. The 
next angle to be set otf with the theodolite still remaining 
at A will be three times the tangential angle or 4^^ 171', 
and, if the chain is extended as before, a third point will 
be found in the curve, and so on. Pegs must, of course, be 
driven down at all the points found on the curve. 

It nia} happen that some obstruction, such as a house, 
Ac., may prevent the observer seeing from the point 
where the theodolite is fixed at A, any further than the 
point E on the curve. In this case a new tangent must be 
set out. Remove the theodolite to E. Bring the ver’iiier 
to zero and clamp the vernier })late, but not the vertical 
axis. Sight the line E A, clamp the vertical axis, unclamp 
the vernier plate, and set off the angle X E A = angle 
C A E. Then the line X E produced to X' will be the new 
tangent required. Place pegs at X and X'. To set oflf the 
next angle sight on X' with the vernier clamped at zero. 
Unclamp the vernier plate and set off the tangential angle 
X' E F = 1'^ 26' and extend the chain from E to meet the 
line of collimation in F. The next angle to be set off, 
X' E M, will be double the tangential angle or 2” 52', and 
so on. The exact length of the curve may not, however, 
be an even number of chains, but have a fraction over, say, 
80 links = *8 of a chain. In this case the fraction must be 
multiplied by the tangential angle, thus 1° 26' x 9'- 
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When the last tangential angle for the even number of 
chains is set out the next angle will be this plus the angle 
r w. 

Case It.—set out acAirve ivith two theodolites only.-—This 
is perhaps the most accurate of all methods of setting out 
curves, the points in the curve being found by the inter¬ 
section of the lines of collimation of two theodolites placed 
at the tangent points A and B respectively. Assume the 
radius to be 20 chains, and the points in the curve to be 
1 chain apart measured as chords. 

Now by the formula the number of chords in the curve = 

In the illustration it will be seen that there are 
A 

5 chords exactly 1 chain in length. Had there been a 

fraction would be found in the manner indicated in the 
last example. 

1719 C 
By the formula A =: —g-the tangential angle for 1 

chord — 1° 26' and for 5 chords = 7° 9fOne theodolite 
is set up at A sighted with the vernier at zero on C, and 
the first tangential angle C A D = H 26' set off, and from 
the other theodolite being at B with the vernier fixed at 
zero on C the tangential angle for 5 chains = 9|' is set 
off. 

A peg is now placed at the intersection of the lines of 
collimation of these two instruments, and is the first peg in 
the curve. The theodolites remaining at A and B the 
second peg on the curve is set off by the intersection of the 
line of collimation of the two instruments as before with 
twice the tangential angle from the instrument at A 2^ 
52', and four times the angle for the instrument at B = 5^ 
43|', and so on. 
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Case III.—To set out a curve by offsets from equal chords— 
This method has been much used, as it does not require the 
use of an angular instrument, but is open to the objection 
that if an error be made in setting out any one point in the 
curve, the error will be repeated in every succeeding one. 

Assuming as before the radius to be 20 chains, let L ~ 
length measured from tangent-point aloiig the tangent, for 
first offset-point ; and from the several points in the curve, 
along their chords produced, for succeeding offset-points : 
and let O — off'sot from the length so measured. The 

formula is :—0 = R — /v/R^—LI Succeeding offsets == 
twice the offset from tangent. 

Where L is less than a simpler formula, viz.:— 

is sufficiently accurate for practical purposes. 
Let G- A be a length of straight line and A tangent point 

at which the cur ve commences, measure from A in G A 

produced A D' = 1 chain, set off perpendicular to it D D" = 
66 66 66 

2 X 20 X 66 ^ = 1*65 foot. Place a peg at D, which 

will be the first point in the curve. Range a straight line 
through the points A D produced to E' making D E' = 1 
chain. As before set off* the offset E E' twice D D' 
= 3*30 feet. E will then be the second point on the curve. 
1) E is then produced to F', making E F' = 1 chain. Set 
off offset F F = 3*30 feet as before, and so on to the end 
of the curve. 

Case IV.—To set out a curve by offsets from the tangents,— 
This method consists in setting out equidistant points on the 
curve by ordinates from two tangents. For accurate work 
it cannot compare with a curve set out by the theodolite. 

Assume as before the radius to b^ 20 chains* and the 
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points set out on the curve 1 chain apart. The same formula 
is necessary as in Case 3 above, viz. :— 

chorcU 
First ofiset from tarment =: -— thus ofiset D' I) 

° 2 radius 
1*65 feet. 

The remaining offsets or ordinates as E' E, F' F, are 
found thus :— 

Second ordinate or E' E the second ])ointon the curve = 
2 X 2 X l'*65 = first ordinate x — 6*60 feet. 

. E,. 

Third ordinate or F' F the third point on the curve = 
3 X 3 X 1*65 = first ordinate x 3'^ = 14*85 feet, and 
so on. 

The number of the point on the curve being squared and 
multiplied by the first offset will give the ofiset for the 
point desired. 

The Table of offsets given on the following jiage will be 
found useful in reducing to a minimum the calculation 
required when actually setting out curves on the ground. 

Case V.—To set out a curve by ordvmites from the chord of the 
whole curve.—This method is suitable for rough purposes, 
such as curves for roads, <fec. The length of the chord must 
be measured and divided into 10 parts, from which ordinates 

c 
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AT THE END OP FIRST CHAIN FROM TANGENT-POINT OF CURVES. 

Rad Uifae's Rad Offsets Kad. Offsets Rad. Offsets Rad. Offsets 
iu in ins. m in ins. in in ins. in 

cbs ' and dec 
1 

chs. and dec chs and dec chs. and dec chs. and dec. 

1 n 80-01 45 8*80 84 4*71 138 2-87 210 1*89 
() 66*46 46 8*61 85 4-00 140 2-83 215 1 *84 
7 50^86 47 8*43 86 4-00 142 2*79 220 1 *80 s 49*69 48 8*25 87 4 ‘55 144 2*75 225 1*76 
J) 44-14 49 8*08 88 4*50 145 2*73 230 1*72 

10 39*70 50 7*92 89 4*45 146 2*71 235 i 1 *69 
11 36*07 51 ^•77 90 4*40 148 2*68 240 i 1 *65 
12 .•W-()6 52 7-02 91 4*35 150 2*64 245 ! 1 *62 
13 30*51 53 7*47 92 4 30 152 2-61 250 1 *58 

1 1-i 28-32 54 7*33 93 4*26 154 2*57 255 J *55 
15 20-43 55 7*20 94 4*21 155 2 *7^5 260 1 *52 
16 24*77 56 7 07 95 4*17 156 2*54 265 1 *49 
17 23-31 57 6*9f) 96 4*13 158 2-51 270 1 '47 
18 22-02 58 6*83 97 4*08 160 2*48 275 1 *44 
19 20-86 59 6*71 98 4*04 162 2 44 280 1 *41 
20 19-81 60 6*60 99 4*00 164 2*41 285 1 *39 
21 18*87 61 6 49 100 3-90 165 2*40 290 1 *37 
22 18-01 62 6*39 102 3*89 166 2*39 295 1 *34 
23 17-23 63 6*29 104 3*82 168 2*36 300 1 *32 
24 10-51 64 6* 19 105 3*77 170 2-33 305 1 *30 
25 15-85 65 6*09 106 3*75 172 2*30 310 1 *28 
26 15-24 66 6*00 108 3*66 174 2*28 315 1 *26 
27 14-67 67 1 5*91 110 3*59 175 2*26 32<) 1*24 
28 14-15 68 ! 5*82 112 3*54 176 2-25 325 1 *22 
29 13-00 69 5*74 114 3*47 178 : 2*22 330 ' 1*20 
30 13-20 70 5*66 115 3-44 180 2*20 ' 335 ! 1*18 
31 12-78 71 5*58 116 3*41 182 { 2*18 340 ! 1 *16 
32 12-38 72 5*50 118 3-36 184 1 2*15 345 1 1 *15 
33 12-00 73 5*42 120 3*30 185 1 2*14 350 1 *13 
34 11-05 74 5*35 122 3*25 186 1 213 355 1*12 
35 11-32 75 5*28 124 3*19 188 1 2*11 360 1*10 
36 H-OO 76 5*21 125 3 17 190 2*08 365 1 *08 
37 10-70 77 5*14 126 3*14 192 2-06 370 1*07 
38 10-42 78 5*08 128 3*09 194 2*04 375 1*06 
39 lo-io 79 5*01 130 3-05 195 2*03 380 1 *04 
40 9-90 80 4*95 132 3 (H) 196 2*02 385 1 *03 
41 9-06 81 4*89 134 2-96 198 2*(X) 390 ] *02 
42 9-43 82 4*83 135 2*93 200 1*98 396 1*(K) 1 
43 
44 

9-21 
9-00 

83 4*77 136 2*91 205 1-93 400 0*99 1 

i 
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may be set out to give points on the curve. The formula 
required is :— 

Length of any ordinate O = ^ — (R — V) 

When R ^ radius of curve in feet. 
X == distance of ordinate from centre of chord. 
V = versed sine or hcigiit of ordinate at centre of 

curve."^ 

Case VI.—To find the position of the jfoint of intersection of 
the tamfeids when it is inaccessible.—When the point of inter¬ 
section of the taiigeiits happens to fall in water the following 
method is resorted to for finding the inaccessible lengths. 

C 

Produce the tangents G A and H B to E and D res})ec- 
tively. Measur e E D, and observe angles 1) E A and E I) B. 
Then angle C E 1) = 180"" — angle A E D and angle L D E 
=: 180° — angle E D B and angle A CB = 180° — (C ED 
+ C D E). 

And C E 
E D sin. C D E 
“lim A C IT" 

And C D = 
ET) sin. CEP 

sin. ACB 

Case VII.—To find the length of a curve, and to find the 
member of chords by the formula (jiven on page 139. 

Number of chords on the curve — - 
A 

Length of curve = *000582 R (5400 — x) 

* Molesworth’s Pocket-Book of Engineering FormnleB.*' 

L 
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Setting out the Surface Widths of Railways. 

After the centre of a railway has been marked out, the 
line must again be carefully levelled, cross-sections taken, 
and the pegs that mark the line numbered and entered 
consecutively in the level book in a vertical column, with 
the coiTes})ondiiig depths of cuttings or embankments in a 
second coluniTi (see form of Level Book, p. 152). These 
depths are estimated from the formation level, which is com¬ 
monly about 2 feet below the intended line of the rails ; 
the 2 feet are afterwards to be filled up to form the per¬ 
manent way. 

The line is now prepared for setting out the surface 
widths, the simplest case of which is when the surface of 
the ground is level, as well as coincident with the forma¬ 
tion level of the intended railway. In this case it is only 
recjuired to set out half the width of the formation level on 
each side of the centre peg perpendicular to the direc¬ 
tion of the railway, adding to each half width the intended 
width of the side fence, and putting down pegs to mark 
the half widths and breadths of the fences. 

When tlic surface of the ground is above or below the 
formation le\xl, as is commonly the case, the widths must 
be set out as in the subjoined Cases I. to IV. 

Two sets of pegs mirst always be used, the one for 
distances, the other for levels, differently painted or other¬ 
wise distinguished. Pegs are generally set out at certain 
distances from the true position of the stake in a cutting, 
which is of course removed in the woj’k. 

Case I.—2\) set ant the width of a railway cutting^ when the 
surface of the ground is laterally level, a/nd at a given height ah&ve 
the fe/rmution level, the ratio of the slopes'*' being given. 

In the annexed cross section of the cutting, R S is the 
horizontal surface of the ground ; A B the fonnation level; 
A C, B D the side slopes ; M the middle stake, and M m = 
A = B b the perpendicular depth 
of the cutting. Multiply the depth 
M m by the ratio of the slopes, to 
which add the half width A m or 
a M, the sum is half the surface 
width to be set out from M to C; after which set out R C 

♦ The ratio of the sl^es is the proportion that the distance 0 a 
bears to the depth A a, vVTier ♦his ratio is as 1 to J., C « « A « ; when 

R C yj h PS 

Ath B 
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for the width of the fence. The same operation must be 
repeated on the other side of M. 

Example.—Let the width of the formation level A B=:33 
feet, the depth M m of the cutting 30, the ratio of the slopes 
as li to 1, and the width of the side fences each 6 feet; 
required the width of tlie cutting, and the width of land 
included by the fences. 

30 X LJ + ~ 4.5 + Ibi = 6U feet == M C — M D 
= h width of cutting ; and 6H4-6 — 67|^i=:MK=:MS 

=1 i width of land. 

The double of this is the whole width. 
The numbers in the column marked “ computed half- 

widths ” in the level book are found as herein. 
If the figure A B D C be inverted, it will represent the 

cross section of an embankment; for setting out the width 
of which the same method obviously ap])lies. 

Case ll.^The mme data being given in the last case^ to 
set out the width of the eidting., when the gromul is laterally 
shping, the lateral fall of the ground in a given horizontal dis¬ 
tance being also given. 

Let C D be the sloping surface of the ground, A B D C 
the cross section of the cutting, and p 1)' a horizontal line 
passing through the centre stake M, ]\1 ] >' l)eing tlie com¬ 
puted half width of the cutting—Fix the level so that by 
turning the telescope 2, 3 or more chains of the line may be 
seen, on both sides of it; set up a levelling stafiLat M, and 
another at not exceeding a chain s distance from M, ob¬ 

serving the level 
readings on both 
staves, the differ¬ 
ence of which is 
equal to p q \ mea¬ 
sure the sloping 
and horizontal dis¬ 
tances M M p 
with a tape in feet. 
Then take the 

computed half width M D' (found as in Case I.), and 

it is as Ij to 1, C = 1J times A a. This ratio varies according to the 
nature of the material through which the cutting is made, being less 
in rocky or day ground, and greater in soft or sandy gpround. 
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multiply it by M g, reseiving the product; multiply the 
difference of the stave readings p q by the ratio of the 
slopes, add and subtract the product to and from the horizontal 
distance M p, reserving the sum and difference ; lastly, the 
reserved product, being divided by the reserved sum, will 
give the corrected half width M C, and by the reserved 
difference the corrected half width M D. 

Example.—The depth of the cutting at M is 22 feet, the 
bottom width A B — 36, the sloping distance M = 25, 
the level distance M p — 24, tlie difference of the readings 
of the stavespq — 7 foot, and the ratio of the slopes as 14 

to 1. What are the corrected half widths M C and M D 

22 X 33 + 18 = 51 feet = computed half width. 
25 

1275 reserved product 
24 

7 X H = lOi 

reserved sum = 34^) 1275 (36*95 feet = cor. 1 width M C. 

reserved diff. = 13^) 1275 (94*44 feet cor. i width M D. 

The following general formula for the values of M C 
M D, is easily remembered 

Corrected 4 width = r-r^ 
I :hr h 

The positive sign is used for M C, and the negative for 
M D ; M D' being = w', pq~h,Mq:=i s, M p =z and the 
ratio of the slopes as r : 1. 

If the figure A B D C be inverted, it will obviously 
represent the cross section of an embankment of like dimen¬ 
sions, the longer distance, in this case, being measured down, 
and the shorter up the slope. 

Case 111.—The same data being given as in Case 77., to set 
out the ividth, when it consists q)artly of a cutting and partly of an 
embankment. 

In the annexed figure B D P C A is the cross section of 
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the works of a railway, consisting of the cutting B P D and 
the emhaiiknient A P C ; 
A B is the formation 
level, M the central stake, 
and I) (' the sloping sur¬ 
face of the gi-ound. \\dieii 
the cutting B P D ex¬ 
tends over more than 
half the formation level ji 
A B, tiie coirected half 
width M D is found as in 
Case II. But to find the other corrected half width M C, 
passing under the embankment A P C, proceed as follows. 
Multiply M D by the diderence of the width of the forma¬ 
tion level A B and the estimated half width M D', and 
divide the product by M and the result will be the 
corrected half width M C. 

Example—IjGii the bottom width A B = 36 feet, the 
depth M m — 4 feet, the ratio of the slopes as 2 : 1, and 
the difference of level readings 7 feet at 25 and 24 feet 
from the central stake, lespectively measured on the slope 
and horizontally ; required the corrected half width M IX 
M 0. 

36 
By Case 1. .4x2-f-2=26 feet = estimated \ width M 1)' 

26 X 26 
By Case II. , _ ^. ==66 feet = corrected \ width MD. 

—' (/ X Z) 

By Case HI. — 25 feet = corrected A width M C. 
26 

The formula for finding the corrected half-width, where 
there is both a cutting and an embankment, is thus—- 

I — r h 

wherein w is the width of formation level, and the other 
symbols the same as in the previous cases. 

To find the distance from M to P, where the cuttinjg 
and embankment meet, use the following proportion— 

as : M :: M m : M P, 

that is, 7 : 25 :: 4 ; —7- ^ = 14-28 feet = M P. 
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When the sloping surface of the cutting passes through 
the middle point of the formation level, that is, when the 
points M m and P coincide ; then a>' — 4 u), and the 

formula M C = (p* ^ 

becomes M C == M D = 
I -- rh 

In this case the cutting and embankment are ecpial. 
By inverting the cross section of this pi'oblem it will 

be seen that a like calculation will be re(|uired, in the case 
of A P C being a cutting, and BP I) an embankment. 

Case IV.—To find the surface ividth of a cutting where the 
ground is very uneven. 

The annexed figure is a 
_s cross section of a cutting, 

^ ^ wherein the surface C M I) 
q of the ground is very un- 

B I even. The method of find- 
\ w B ing the surface width is 

by approximation, and will 
be best shown by an examj)le in numbers. 

Let A B 36 feet, M zr 32, and the ratio of the 
slopes as 2 : 1 ; then M C/ =: M D' — (32 x 2) -f 
X 36) 82 feet; lay off this distance horizontally from 
M to ; then d is directly above D'. Observe the difference 
of level readings at M and d, wliich in this case is 9 feet; 
which being multiplied by the ratio of the slopes, that is 
by 2, gives 18 feet = approximate distance D d ; whence 
yLT>z=zMd + dlL)=iS2 + 18:= 100 feet. Again, place 
a level staff at D, and the reading will be found to be 9*7 
feet greater than that at M, or 9-7 — 9 =: 0*7 feet greater 
than at d; therefore the place of the point D requires 
further correction, which is thus effected ; 0*7 X 2 1*4 
feet =: second correction; whence MD =: 100 + 1*4 =: 
101*4 feet; which as the latter correction is small, may be 
safely assumed to be the true distance of D from M, or the 
horizontal distance M q. The method of finding the other 
corrected half-width M C = horizontal distance M l?, is the 
same as that just given, excepting that the repeated correc¬ 
tions are subtracted from the computed half-width instead 
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of being added iliereto. In this manner the horizontal dis¬ 
tance of C from M is found to be 61 '8 feet. 

When the differences of the levels at M, d and I) are 
great, it will I’cquire three, four, or more approximations, 
similar to those just given, to each of the corrected half¬ 
widths. 

This cross section may be inverted for an embankment, 
as in the preceding cases. 

Case V.—To calcnlak the quantity of laud for a projected, 
railway, # 

In preparing the estimates foi‘ a projected railway, the 
required quantity of land is commonly found, without 
respect to the lateral sloping of the surface of the ground, 
by taking considerable lengths of regularly rising or falling 
grouna in one calculation, the depths of the ends of such 
lengths being measured for the purpose with the vertical 
scale. 

Ritle.—Find the surface widths, fences included, from 
the given depths, at eacli end of tlie given length, by 
Case L, multiply their sum by the length in chains, and 
divide the product by 1320"' for the })roduct in acres. 

Example,—Let the length be 16 chains, the depth of the 
cross sections at the ends 18 and 58 feet, the width of the 
formation level 36 feet, the ratio of the slo}>es as 2 to 1, and 
the width of the fences G feet each; required the area of 
the surface. By Case I.— 

36 -p (18 X 4) -P (6 X 2) =: 120 width of one end. 
36 "p (58 X 4) -p (6 X 2) 280 width of the other. 

400 =: sum of widths. 
16 

1320)6400 

The content =: 4*84848 = 4a. 3r. 16p. 

* The divisor 1320 is thus obtained:—The area of a trapezoid 
being == half the sum of the two parallel aides multiplied by the 
perpendicular distance between them; their sum (400 feet in the 
example), before being multiplied by the lenarth (16 chains in the ex- 
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It is usual in practice to find the actual contents of the 
ground required from the several proprietors for the works 
of a railway, by measurements from the plan. 

Level Book for Railway Surveys. 

A level book of the following form is used in setting out 
the cuttings and embankments of railways : 

No. of 
stake. 

i 
j Depths of 
1 Cuttin0B 

or 
Embank¬ 

ments. 
j 

("omputed 
Half- 

Widths. 

Corrected I 
to Edge of 
Foot of Em 

T^ft. 

lalf-Widths 
Cuttings or 
bankments. 

Right. 

1 
, feet feet. 1 feet. feet. 
j 28-00 O7-00 61*80 101-40 
; 4-00 21-00 22-63 4 8 ■ 3 7 j 
1 30-00 60-90 64-77 71-32 i 
i 2-16 18-24 18-00 19-44 1 
1 16-08 39-12 40-68 58-24 1 
1 20-00 30 00 i 36-16 48-00 i 

j 

Whole 
Widths 

including 
Fences, 

each feet 
in Width. 

feet. 
170-20 
83-00 

1 18 00 
49-44 

110-92 
90-10 

Note.—The depths in the second column are found by 
calculation, or by careful measurement from the sections; 
but the latter method is the less correct of the two. The 
computed half-widths, in the third column, are found by 
Case I. ; the corrected half-widths, in the fourth and fifth 
column, by Cases II., III., and IV., and the widths in the last 
column are the sums of those in the fourth and fifth j[}lus 
the breadths of the two side fences of the railway. 

ample)» would in the ordinary course be first divided by 2. The 
product (6400 in the text) is in terms of chain-lengths 1 foot wide ; 
and to reduce this to terms of square chains it must be divided by 60. 
There being 10 square chains in an acre, the resulting quotient must 
be divided by 10. Therefore, when the sum of the widths in feet is 
multiplied by the length in chains, the prodiKit has to be divided by 
2 K 66 X 10 == 1320, to obtain the area in acres. 



CHAPTER XL 

SUNDRY CASES ARISING IN THE LAYING OUT 

AND DIVISION OF LAND. 

The simpler cases arising in the laying out and division of 
land have already been dealt with in Cha])ter I., and the 
following cases are intended for the further guidance and 
assistance of the student in the same direction. 

Case I.—To hy out a given quantify of land in the form of 
a rectangle^ thr length of ivhieh sJadl have a> given qrrojfnaiion to 
ih Irreadfh: that is, the length shall he to the, breadth as 3 to 1, 
or as 4 to 3, or as 5 to 2, dV*. 

Rule.—Divide the given area by the product of the two 
terms of the proportion, and the s(piare root of the quotient, 
multijjlied se})arately by the terms of the proportion, will 
give the required length and breadth. 

Examples.—1. Lay out 3 acres of land in the form of a 
rectangle, the length of which shall be to its breadth as 3 
to 2. 

3 x 2 = 6)300000 square links in 3 acres 

50000(223*6 
4 

42)100 
84 links. 
- 223-6 X 3 = 670*8 length. 

448)1600 223*6 X 2 = 447-2 breadth. 
1329 

4466)27100 
26796 

304 
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2. Lay out 6| acres in a rectangular form, the ratio of 
whose length and breadth shall be as 5 : 2. 

5 X 2 10)625000 links. 
- 250 X 5 — 1250 = length. 

V 62500 — 250. 250 X 2 500 =: breadth. 

Case II.—To lay out a triangle, of a given area and a given 
base, mie of the sides of which shall have a given position. 

Rule 1.—Divide twice the area by the base for the per- 
pendicular, which erect at any j^oirit in the base, and at the 
extremity of the perpendicular and at right angles to it, 
range a line till it meet the side given in position, which 
point of meeting is the vertex of the triangle required. 

Examples.—1. It is required to lay out a triangle A B C to 
contain '2a. 2r. 1 on a base A B of 1200 links, the posi¬ 
tion of A II, of which the side A C is a part, being given, 

By Rule 1 
2a. 2r.\^p. = 260000 links 

2 

1200)520000 

A D ^ B 433i ]inks=C D 

On any point d> of the given base A B = 1200 links, erect 
the perpendicular i]?r =: 433 J links ; range cC perpendicular 
to till it meet A H in C; then BC being joined, ABC 
is the triangle required. For let CD be drawn perj)endicular 
to A B, then, by the nature of the construction, C D = c d. 
Q. E. D. 

Rule 2.—Measure HB perpendicular to AH, the line 
given in position, to the end B of the given base, and divide 
twice the given area by H B, and the quotient is A C, 
which, being measured off, will give the point C. 

2. Solve the last example by Rule 2, the perpendicular 
B H being 860 links. 

260000 X 2 

860 
= 604*65 links = A C. 

Case m.—To lay out a trapezium of given ourea^ the positions 
and lengths of two of its adjoining sides being given, and also the 
position of its third side. 

Rule.—Join the ends of the two adjacent sides, thus 
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forming a triangle, the area of which must be found, which 
area must be subtracted from the given area, and the re¬ 
maining area must be laid out in the form of a triangle, on 
the line joining the two given sides, as base, by Case 11. 

Example.—Let the given area of the trapezium A B D C 
be 6 acres, A B, A C the sides that are given in length and 
position, and C H the 
position of the third 
side. Join B(^ ; measure 
the perpendicular G P, 
which is found m 840 
links, and C B ~ 880 
links, A B being = 1200 
links ; whence the area 
of the triangle ABC 
= 600 X 840 = 504000 
square links; and A P B 
600000 - 504000 = 
96000 = area of the triangle BCD; therefore 96000 x 2 

880 = 218-,V links = perpendicular D Q; which, it wdll 
be seen, is applied as in Case II. ; thus constituting the re¬ 
quired trapezium A B D C. CD may also be found as by 
Kule 2, Case II. 

Case IV.—To lay out a rhomboid oj given area^ the lengths of 
its sides being given. 

Rule.—Divide the area by the longer side, subtract the 
square of the quotient from the square of the shorter side, 
and the square root of the remainder is the distance of the 
perpendicular from the end of the larger side, which per* 
pendicular, being made equal to the quotient first found, 
gives the breadth of the rhomboid. 

Examples.—1. The 
area of a rhomboid is 
required to be 6 acres, 
and its longer and 
shorter sides to bo 
respectively 1200 and 
625 links,required the 
place and length of 
its nerpendicular. 
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1200)600000 

500 = porpr. = D E 
625- = 390625 
500- = 250000 

^J 140625 = 375 links = A E. 

2. Lay out the figure when its sides are each 4 chains, 
that is, when it is a rhombus, its given area being 
la. l/\ \p. 

Alls, 314*06 links ~ perpendicular, and its distance 
247*72 links. 

Case V.—To divide any jyi'aposed quantity of land from a 
triaiKjle^ Inj a line parallel to one of its sides, 

Kule.—Since the areas of triangles are as the squares of 
their like or homologous sides, we shall have 

Area A A B C : area A a 6 C : : A C- : a C*^. 
See Theor. X., page 6. 

Exitmples.—1. Let the 
base A B = 2600 links, 
A C = 2000, and BC=: 
1600, cut off 6a. Ir. 24jt?. 
by the line a h parallel to 
AB. 

A B From the three sides 
the area of the triangle 

AB C is found = 1599218 square links, 
and 6a. Ir. 24/>. =: 640000 square links, 

the difference =: 959218 = area of A a ft C. 
Then per Rule, 1599218 : 959218 : : 2000^ : 2399218 ; 

and ^^2399218 = 1548 94 links = a C; whence 2000 — 
1548*94 =: 451*06 links = Aa. Again by similar triangles 
2000 : 1600 : : 451 06 : 360*85 links = B ft. Therefore, 
measure on the ground the distances A a, B ft, just found, 
respectively, from the points A and B ; and range the line 
a ft, which will divide the given quantity A B ft a from the 
triangular field A B C, as required. 

Note.—In this manner a triangle may be divided into any 
number of equal or unequal parts, bv lines parallel to any 
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one of its sides, by successively subtracting the sums of 
2, 3, 4j &c., areas from the area of the triangle, and making 
the remainders successively the second terms of the propor¬ 
tion. 

2. The sides of a triangular field are 900, 750, and 600 
links ; it is required to cut Oa. 3r. 2Sp. therefrom, by a 
straight fence parallel to its least side. 

Alls. The distance from the ends of the least side, on the 
largest and intermediate sides, are respectively 211J and 176 
links. 

Case VI.—To lay ojf any given quantity of land from an 
irregular field. 

Rule.—First find the area of the crooked or irregular 
part by means of offsets, which area must be deducted from 
the given area, after which the remaining area must be laid 
out by means of the Cases above cited. 

A.—When one side of the 
field is crooked and two straight 
and parallel. 

Example —Let a A r B 5 be a 
portion of a field or common, the 
side A ^ B being crooked and 
A B i i)arallel, the length of 
A B is 2400 links, and the area 
of the offset piece A c B is found 
to be 227500 square links ; it is 
required to cut off 12 acres from 
the field by a line parallel to A B. 

12 acres = 1200000 sq. links, 
offset piece = 227500 ditto 

( 2)972500 
24*00' - 

I 12)4862*5 

405*2=:AC=BD 
Therefore, measure the distances 
A C = B D 405 J links on the 
ground, and range the straight 
line C D, then shall the space 
A !C B D C contain 12 acres. 
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B.—When all the sides of the field or common are 
crooked. 

Example.—Let A B C D be a portion of a field or 
common, the boundary of which is crooked, it is required 
to part therefrom 6 acres, by a straight fence running from 
D towards A. 

Measure the four lines AB, BC, Cl), DA, taking the off¬ 
sets on the three first, and finding the area of the trapezium 

A B C D in the usual way, which united areas are found to 
be 570000 square links, the line A D being 810 links. 

Hence 6 acres = 600000 square links 
Area A B CD and offsets = 570000 ditto 

( 9)3000 0 
81-0 - 

( 9)333*3 

37*037 
2 

74*074 links = perpend. Pr. 

Therefore, apply the perpendicular P r = 74*074 links as in 
Case II., and range the straight line A P; then shall the 6 
acres be parted from the field as required, 
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Case VII.— To divide from, a field, bounded by straight 
fences, any given quantity of land, by a line parallel to one of 
the straight fe/nces. 

Rule.—Measure tiic length of the straight fence or line 
to which the division line is required to be parallel; divide 
the given quantity by that length, and set the quotient 
perpendicular to the given straight fence, at two points 
near the ends thereof, langing a line through the extremi¬ 
ties of the two perpendiculars, and measuring the length 
thereof; find the area of the trapezoid thus obtained, and 
take the difference l>etween this area and the given area, 
which difference, being divided by the last measured line, 
will give the bitjadth to bo set out per})endicularly from 
the last measured line, either inwardly or outwardly, 
accordingly as the difference is in excess or decrease of the 
given quantity. 

Example,—Let A B ^ he a portion of a field or common 
with straight fences, it is required to lay out 10a. 2r. IGja. 
by a line parallel to A B, the length of which is 2200 
links. 

( 2)1000000 = 10a. 2r. 16p. 
2200 { - 

( 11)5:100 

482 nearly zzz p q :=.r s. 

Now the perpendiculars p q, r s 
being set off, and the line m n mea¬ 
sured, is found to be 2025 links : 
whence 

482 
(2200 + 2026) X ■“ — =1018225 sq. links, and 

(1060000- 1018225)-h 2025 = 20-6 links, 

the distance to be set perpendicularly 
at both ends of ni n, to the right 
thereof, because tlie area cut off by 
m n is less than the given quantity, 
and the straight line C D ranged 
through the extremities of these 
perpendiculars will be parallel to 
A B, and will cut off the required 
quantity. 
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Note 1.—Those who are accustomed to operations in 
analytical trigonometry, will find the following formulae 
much more expeditious for laying out land by means of 
parallel fences, as in Case V^IL, especially where a great 
number of successive inclosures are re(juired to be laid 
out:—Let A B = a, O' = sine Z A s — sine Z S sine 
(o’ + .S'), and P — area ABC 1), which is required to be cut 
off; then, 

BC = |(ao- - y/ («^so• - 2PS) ), 

and A D = - B C. 
(T 

Whence both B C and A I) become known without any 
preliminary measurement, except that of the side A B and 
the angles A and B : and by adding the next area to be cut 
off to and calling the sum Q, and then substituting Q 
for P in the formulae for B C, the next following distances 
B h and A a may be found; and so on for any number of 
inclosures. 

When A and B are supplemental angles, the lines A n, 
B b, will be parallel, which makes the problem extremely 
simple; and when ihe sum of the angles at A and B are 
greater than two right angles, S becomes negative, and the 
lines A r/, B h, will meet on the other side of A B. In this 
case the forrnuhe will become 

BC = g ^(«^Ao- + 2PS)-ao-), 

and A D = - B C. 
O' 

Note 2.—Investigation of the preceding formuloe.—LetE be 
the point where A a, B would meet, if prolonged (this 
point is not shown in the figure), then, 

AE=:‘g^,BE=^, area of the triangle A B E =r 
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and the area of the triangle C D E — A. Now 

because the triangles ABE, ODE, are similar, 

area A A B E ; area A C D E : : B E^ : C E“, that is, 

BE BC = BE-CE = “^'-.^|^ (fs' - ' 

BC = g^«<r- ^ ^ - 2rs)) 

Also BE : BC : : AE : AD = 4|bC = - BC 
±5 lii (T 

The other modification of the forinuljB for B C, when the 
point Vj falls on the other side of A B, is derived by making 
5 negative. 

Case VIII.—To divide a redangular]jiece of grmind of eqxml 
value thrmighoiitj either equaUi/ ar uneqxuxlh/, among any given 
number of ckdmaiih, by fences 'parallel to one of its sides. 

A. —If the parts into which the rectangular space is to 
be divided be equal, it will be only necessary to divide two 
of the opposite sides of the rectangle into the given number 
of equal parts, and range the lines for the several fences to 
the consecutive points of division, and the land will then 
be divided as required. 

B. —If the rectangular space is to be divided among 
several joint purchasers, who have paid unequal sums for 
the purchase thereof ; then use the following : 

Rule. — As the sum of all the sums paid, is to the length 
of the side of the rectangle from which the division lines 
abut, so is any one person's sum to the breadth on the sido 
of the rectangle due to that person ; then divide both this 
side and the one opposite to it, by laying off the resulting 
breadths, and range lines to the corresponding points, and 
the rectangle will be divided by parallel lines, as required. 

M 
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D ® dL C 

A fe B 

£120 
150 

Eminplc.— Divide the 
rectangle AB(ll), the 
length of which is 14 70 
links and its breadth 
6H4 links, among three 
joint-j)UTchasers P, Q 
and K, who paid for 
the purchase thereof re¬ 
spectively £120, £150, 
£220. 

links £ links 
: 1470 : : 120 : 360 zz: A a =z P’s breadth 

: 150 : 450 — a. h ~ Q’s ditto 
;-: : 220 : 660 = /> B = K's ditto 

Whole breadth 1470 which proves the work. 

Case IX.—To divide a triangle of equal value thrmighauf 
either equally or ajtequally, among uiveral claimants^ who shall 
all laive the use of the sa)iw watermg-pluce^ situated at one of the 
angles of the triangular field. 

Emniple.—It is required to divide 
the triangular field ABC among 
three persons, whose claims therein 
are as the numbers 2, 3 and 5, so 
that they may all have the use of a 
watering-jilace situate at the angle 
C ; A B being 1000, A C = 

685, and C B 610 links. 
The rule in this Case is the same as in the last. 

As 2 + 3 + 5 = 10 : 1000 : : 2 : 200 = Aa, 
— :-: : 3 : 300 = a h, 
— : - : : 5 : 500 = ^>B; 

which are the portions of the base AB, belonging to the 
respective claimants ; therefore, if lines be drawn from a and 
b to C, the triangular field will be divided in the required 
proportion, each claimant having the use of the watering- 
place at C. 

Note.—In dealing with this Case it is not necessary to use 
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the lengths of the side AC, C B, because all the three tri^ 
angles A C a, a C h, h C B have a common perpendicular, 
and therefore their areas are as their bases. 

Case X.—To divide a triangular field, of equal value through^ 
aid^ either equally or unequally^ auumg memiry claimants^ by 
fences running front any given point in one of its sides. 

Idiis is best explained by the following 
Emnrgle.—Divide the triangular field AB G, the sides of 

which measure 30 chains A B, 23 ~ B 0, and 19 ~ A C, 
equally among three persons, by fences running from an 
occupation road that meets the side A B at H, which is 14 
chains from A, that all the three persons may have the use 
of the road at H. 

Divide A B into C 
three equal parts in 
the points D, E ; from 
H (the point where the 
road meets A B), draw 
H C ; parallel to which 
diuw 1) E, E C meeting 
A C, B C respectively, 
in E and 0 ; and join 
H F and H G, in which 
directions fences being 
made will divide the triangle as required. 

Note.—This method is founded on the areas of triangles 
between the same parallels being proportional to their bases ; 
but it may be effected by actual measurement on the ground, 
by means of the following preliminary calculation : 

Another Method, 

As AH : A C :: AD=r:iAB:AF, 
that is, 1400 : 1900 : : 1000 : 1357 ? links = AF; 

and H B : B C : : E B = B : B G, 
that is, IGOO : 2300 : : 1000 : 14371 links = BG, 
whence the distances AF and BG may be measured from 
A and B ; and frojn the points F and G the fences of 
division may then be drawn to H. 

Note.—When theclaimsof the several persons are unequal, 
it will be readily seen that A B is then only required to be 
divided in the proportion of the several claims, as in tb^ 
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preceding case, after which the method will be the same as 
that just given. 

Case XI,—To divide an irregular field with any number of 
sides among sundry claimants, so flaif they may all have the use 
of a pond, situated at a, given point icifhhi the field. 

The following cxam}>le explains the method of working 
R, and 

pond 
S, bought a five- 
therein at P, for 

(i D 

Example.--Thvoi) persons, Q, 
sided field A B 0 D E, having 
which they paid re¬ 
spectively X100, <£150, 
and £200 ; it is re¬ 
quired to divide the 
field into parts, in 
proportion to each 
person s claim, and so 
that each may have the 
use of the pond P, the 
quality of the land be¬ 
ing equal throughout. 
The lengths in links of 
the sides and the per¬ 
pendiculars on each of 
them to the centre of 
the pond P are as below, thus constituting five triangles 

A B = 864 1 P a m 560 
B 0 = 827 i P b rr: 608 
C D 806 P C — 480 
D E 682 P d = 544 
E A == 990 P e ~ 540 

By multiplying each side by half the perpendicular 
thereon, the sum of the five products will be the area of 
the field, thus, 

864 X 280 = 241920 = area of A P B, 
827 X 304 = 251408 = -B P C, 
806 X 240 = 193440 =: -C P D, 
682 X 272 185504 =  D P E, 
990 X 270 267300 =  E P A, 

sum = 11*39572 acres, the area of the field. 
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The sums paid for the field by Q, R, and 8, are as the 
numbers 2, 3, and 4, the sum of which is 9, therefore, 

9 : 1139572 : : 2 : 253238 — Qs share. 
— :-: : 3 : 379857 =: R.s do. 
_ :-: ; 4 : 506476 = S^s do. 

Let I) P be assumed to be the divisional fence between 
Q and S s shares ; then the area of the triangle D PE — 
1'85504 acres less than Q’s share, therefore 

2'53238 Q’s share. 
1-85504 = area of D P E, 

•67734 = difference. 

This difference must be taken from the triangle E P A 
to ccmpletc Q/s shar e; this is best done by dividing the 
said ditfereiice by half the perpendicular P c of the triangle 
E P A, and the quotient will be the distance E M, thus, 

iF e = 270) 67734 (250'87 links = E M. 

The distance EM, being nearly 251 links, must now be 
measured from E on E A, which will give the point M, and, 
a straight fence being set out from M to P, will cut off Q’s 
share. 

The remainder of the triangle E P A, viz., 2'67300 — 
•67734 = 1'99556 less than Rs share, therefore, 

3*79857 = ITs share, 
1 *99566 = area M P A, 

1*80291 = difference. 

This diff’erence must be taken from the triangle APB 
to complete R’s share, as before, thus, 

IF a =1 280) 1-80291 (643*9 links rz A N. 

This distance being measured from A towards B, will 
give the point N; and, the fence N P being now set out, 
will divide the field as required ; the triangles N P B, 
B P C, C P D making up the exact quantity required for 
S*9 share, as may be readily shown by adding their three 
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areas together, wliich ^riI] prove the accuracy of. the work, 
thus, 

804 — A B 
643-9 nz A N 

difference 2U0 1 z:z N B 
280 =z I P a 

61628-0 =z area N P B 
251408 -BPC 
193440 ”-CPI) 

suni 506476 = S’s share, which proves the work. 

Note L—If some or all of the fences of the field 
ABODE liad been crooked, the operation of division 
would have been the same, excepting that tlie quantities of 
the offsets would have to be taken into the account, thus 
making a little additional calculation. It will at once be 
seen that this method of division may be extended to any 
number of claimants, whatever be the shape of the ground 
to be divided, the dotted lines from P to the angles of the 
field not requiring to be measured. 

Note 2.—In this case the division is effected and 
approved without the aid of a plan, but it would, perhaps, 
be better for the satisfaction of the claimants, as well as 
for the surveyor himself, to plan the whole of the work ; 
especially as an error in the work might thus be more 
readily detected. 

Case XII.—To out from a fisld of variable value, a 
guaidify of land, that .'<hall have a given value, by a straight 
fence in a given direction. 

Note.—This case presents a great variety of cases, the 
most simple of which is first produced. 

A.—C A B D is a portion of a straight-sided field, right 
angled at A and B, and P Q a line, also at right angles to 
A B, dividing the field into portions of different values; it 
is required to lay off a quantity of land a A B 6 of given 
value, by a straight fence a b parallel to A B. 

Kule.—Multiply A P, P B, reej)ectively, by the value of 
the adjoining land, take the sum of the products, divide the 
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value of the whole portion to be laid oh' with five cyj)her8 
annexed by this sum, and the quotient will be the i(M{uircd 
breadth A a or B /j. 

Ej'(ituple.—Let A P = 500, P B 
^ 700 links ; the value of the 
land between A C and P Q £50, 
and that between P Q and B 1) 
£(S0 per acre ; it is required to lay 
out land to the value of £300, 
by a straight fence a b parallel to 
AB. 

C 

P Q 

Here 500 x 50 = 25000 
700 X 80 = 56000 B b D 

81000 m sum of products ; and 

9)30000*000 = £300 with five cyphers annexed, 

81-coo) 9)3333*3' 

( ;370'37 = 370i links nearly = A /( = B &. 

Note 1.—If the “ quality line P Q be not perjiendicu- 
lar to A B, it may be made so by “giving and taking 
especially as the required breadth A a may be nearly known 
by a rough calculation. 

Note 2.—This case is of great importance, as land of 
variable quality is very frequently required to be laid out, 
in the enclosure of extensive commons, by straight fences 
in given directions for the purposes either of drainage or 
of irrigation. If any crooked portion of the land to be en¬ 
closed, lie to the left of A B, it must be measured, valued, 
and deducted from the whole value of the land to be laid 
out; then the Kule, here given, may be applied to the re¬ 
maining value. 

Note 3.—If the three parallel straight lines A a, B ?>, PQ, 
are not at the same time perpendicular to A B, the Ilule 
just given will equally apply, excepting that the distance 
of a 6 from A B must be laid off perpendicularly to A B. 
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Note 4. —This rule for laying out land of variable quality 
has not, it is believed, been previously given, the method of 
performing the operation being invariably by approximating 
to the true quantity by means of “guess lines.” 

To investigate the rule, put A P = a, P B = ft, A a = 
B ft = .r, m ■=: value of land above P Q, n z=. value of land 
below it, V = whole value to be laid out, and I = square 

links in one acre : then ^ — value of land adjoining 

Ti X 
A P, and —j— — value adjoining P B, 

, . (I m X , hit X 
therefore—j-— -r— V; whence 

lY 
a m + ft n 

This rule may be obviously extended to any number of 
different qualities of land, bounded by parallel quality lines, 
by multiplying the breadth of each quality by its price, an(I 
taking the sum of all the products for a divisor. 

B.—When the divisional line is required to pass through 
a given point W, where an occupation road and watering 
place is situated, which is to be used by the owners of three 
or more shares of a common of variable value. 

The method of proceeding in this case will be best under¬ 
stood from the following 

Exumple.—Let D A B 0 E be a portion of a common of 
variable value, W a wateiing 
place, and W a road, forming 
part of the divisional line : it is 
required to set out a quantity 
of land of a given value V by a 
straight fence W ft ; m being = 
value of land between PQ and 
K S .s, n = value between R S s 
and T w, 0 = value between T u 
and C E, and p = value between 
PQ and Ady the quantity of which 
is given by boundaries already 
determined. 

First draw W F perpendicular 
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to C E, and find the value of the land to the left of (i W F, 
let this value = v which in this case is assumed to be less 
than the given value V'; therefore, the value of land 
required to the right of W F will be V — v, which put = 
V', and having adjusted the portions of the (piality lines 
S 5, U u perpendicular to W F, as per Note 1, A., page 167, 
let W S = (ij S U ~ U F — c, tlieir sum, or the whole 
distance, W F rr ,9, and F b x, the symbols denoting the 
different values of the land being given in the example, and 
I square links in an acre : then 

_2lsY'_ 

^ (i^ m + (2 a -F + (2a + 2b + c) CO 

which distance being measured, the straight fence W b may 
now be set out, and the other shares to the right of dW b 
may be next proceeded with, according to the method 
given in this or the following cases : 

THE ABOVE EXAMPLE IN NUMBERS. 

W S = a =: 460, S Vz=bz=: 400, V F = c = 420 links ; 
the values are m m £30, n = £40, and 0 =: £60 j)er acre, 
and the value Y' £80 : required the distance F ^ or cc 
by the preceding formula. 

Here i a + b + c — 460 + 400 + 420 = 1280 links, whence 
2 X 1280 X 100000 x 80 

460'^ X 30 + (920 + 400) x 400 x 40 + (920 H- 800 + 420) x 420 x 60 

... =: 251*6 links = F 5, 
20480000 000 

81396*000 

which determines the position of the fence W b. 

Note.—This method possesses the advantage of being 
practicable on the ground without the help of either a map 
or guess-line; however, in the case of the division of 
commons a map is always necessary for the satisfaction 
of the several parties interested therein. The investigation 
(see page 205) of the above formula is founded on similar 
triangles combined with the same principle as that in A, 
page 168. If there be less than three different qualities of 
land to be laid out, the symbols referring to the additional 
qualities, must be made to vanish in the formula; and, if 
there be more than three qualities to be laid out, the law 
for the extension of the formula is obvious. 
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C.—To set out from a field or common of any form, and 
of variable value, a (|uantity of land of given value by a 
straight fence in a gi ven direction. 

Exampl(\—Let CABO be a portion of a common, of 
variable value, from which it is 
rciquired to set out a (|uantity 
of land of a given value V, 
by a straight fence a h parallel 
to B N, the (piality lines P Q, 
K S being so adjusted as to l,)e 
perpendicular to BN at^; and 
r respectively, as per Note 1, 
A, page 107, and the value of 
the land betwcicii A (\ P Q 
being =:: w, between PQ, LbS zz; 

??, ami between R S, B I) zz r/. 
First find tin; value of the land in the triangle A N B, 

and if the fence A B had been crooked, the offsets would 
have to be included ; the value of the land to the left, of 
B N being supposed to be less than is required to make iq) 
the given value V. Let the value of the land in the triangle 
A N B zz r, then the value of the land still remaining to be 
set out will be V — t?, which put zz: V', let N /> zz: a, ]) r zz: h, 
r B z::z (\pq — r.s zz -r, cot. of the angle C N B zz: 2a, and 
cot. of the angle DB N zz 2/:l, the symbols denoting the 
diflereiit values of the land being ab’eady given in the 
example, and I zz: square links in an acre ; then 

2 / V' ^  --___________—    ...— pqorr s 
am -+■ hn co + y {atH -f b7i + ^*0)^ —4(awi + /3oj/V' 

which distance may be set out at any two points perpen¬ 
dicular to N B; and, if the land in question be a common, 
re(juiririg the shares of several claimants to be set out, the 
quality lines may be again adjusted to the right of a h, and 
the next share may then be set out as before. 

Note 1.—The investigation (sec page 205) of the general 
formula just given, is the same in principle as those in the 
preceding cases, being only a little more complex, on account 
of the land to be set out not being rectangular, and therefore 
involving the solution of a quadratic equation. 

Note 2.—When one or both of the angles C N B, D B N 
are obtuse, their ^ cotangents a and (3 will be one or both 
negative respectively ; and when these angles are right 
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angles, their cotangents vanish ; and the formula for the 
perpendicular brc^.adth ]>(] or r.s* Ijecomes 

I V' 
^ ^^^ p ^ y ^ 

(I w + 0 11 CO ^ ^ 

which is the same as the formula given in A, ])age 168, as it 
obviously ought to be. 

D.—When the boundary of the land to be laid out is 
very irregidar, also wlien part of tlie divisional fence is pre¬ 
determined, either for the pur})Ose of drainage or irrigation, 
and when the (quality lines run irregularly. 

Example.—L(^t (' A B 1) be the boundary of a portion of 
common, from whicli it is required to lay out a portion 
of land of variable value, ])ait of the divisional fence of 
whi(*h it is desirable to have in the direction of a water¬ 
course aJfr/1, and the rtmududer of the divisional fence to 
run from d to/. 

J(un (I J\ and find the value 
of tlu^ land included thereby 
and the other boundaries in 
question, and, this value ])eing 
found less than the required 
value, the remaining land still 
required may be determined 
by assuming two lines, so as to 
form a triangle on t/ /, as a 
base, till the correct position of 
the remaining part d e f of the 
divisional fence shall be ascer¬ 
tained, it being advisable to 
let the angle (% in the required 
fence, fall on the quality line P Q, for the pur])ose of more 
readily calculating the areas of the two triangles formed 
thereby, and from thence finding their values. 

Case XIII.—A.-—ru divide a common of uniforni value 
amrnxj any nuinher of proprietors, in proportion io the values of 
their respective estates. 

In this case the quantities and values per acre of each 
proprietor’s estate must be determined, by survey if neces- 
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sary, and the plan with tlio quantity of the common, must 
also be prepared ; the value of the common being uniform, 
is not required. 

Rule.—As the sum of the values of each person’s estate : 
the whole quantity of common to be divided ; : the value 
of eacfi person’s esta.te : to that person’s share. 

Example.—Divide a common of 100 acres among three 
persons, A, B, and C; A’s estate is 120 acres at £4 per 
acre, B’s is 180 acres at £b per acre, and C’s £260 acres at 
£2 per acre. 

£ £ 
120 X 4 =:480 
180 X 5 = 900 
260 X 2 == 520 

— acres 
1900 100 

a. r. p. 
480 : 25 1 2.1 = A’s share. 
900 : 47 1 18-9=:B’sdo. 
520 : 27 1 18*9=:0’s do. 

99 3 39-9 proof. 

The quantity of each person’s share being now deter¬ 
mined, the common may be divided by one or other of the 
methods already given. 

B.—To divide a comnwn of variable value ammg any numhe/f 
of claimants^ in p'oportion to the values of their respective estates. 

In this case, the plan of the common with the quantity of 
every different quality of land thereon, must be prepared, 
as well as the quantities and qualities of the several parts of 
each claimant’s estate, in order that the values of both the 
common and each person’s estate may be properly ascer¬ 
tained ; the quality lines on the common being marked out 
by the valuer or valuers, previous to the survey being made. 

When the survey of the common is completed and 
mapped, with the quality lines laid down thereon, the several 
qualities must be numbered 1, 2, 3, &c., with the values of 
the land corresponding to each number, as determined by 
the valuers. Most surveyors use the letters of the alphabet 
to denote the different values of the land : thus a may re¬ 
present five shillings, h six shillings, &c., per acre per annum. 
By using the letters in this manner a multiplicity of figures, 
which may be confounded with other numbers, is avoided. 
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Before the lands of a common or waste can be divided 
and allotted, both public and occupation roads must be set 
out in the most convenient manner ; they should be straight 
and, as far as practicable, at right angles to one another, as 
this arrangement not only facilitates the division of the land, 
but contributes greatly to the economy of cultivation with 
the plough. All old roads that may be deemed unnecessary 
may be stopped up and allotted to the different claimants, 
or diverted into more convenient directions, at the discretion 
of the Commissioners. 

Portions of the common are now to be set ajiart for 
quarries, sand or gravel pits, if such exist in the common. 
The ground, thus set out, is considered as the common pro¬ 
perty of the several claimants, for tlie ])urpose of build¬ 
ing, making roads, A;c. Also, if there are any good syii’ings 
or ponds on the common, they must be left unenclosed, in 
like manner, for common use; or the w^ater must be con¬ 
veyed from them by pipes or channels to more convenient 
situations, ju’evious to the enclosure of the common. 

The lord of the manor in some places claims TVth of the 
common, in some -Aith, <fec. His claim, whatever it may 
be, must be next set out, after its value has been determined 
from the whole value of the common. The lord of the 
manor will also be further entitled to his share of common, 
in projiortion to his property, in the same manner as the 
other proprietors. 

Lastly, when the roads, watering places, quarries, sand 
and gravel pits, and manorial rights have been set out, the 
remainder of the common must ]>e divided equitably, as 
respects quantity, quality, and situation, among the pro¬ 
prietors of lands, tenements, houses, cottages, &c., situated 
in the p>arish or township where the enclosure is to be made. 

Rule.—Having found the sum of the values of each 
proprietor s estate, and the whole value of the remaining 
part of the common to be divided, proceed to find the value 
of each proprietor’s share as follows : As the sum of the 
value of each proprietor’s estate, is to the whole value 
of the common remaining to be divided, so is the value 
of each proprietor’s estate to his share of the value of the 
common. 

It is unnecessary to give an example in this case, as 
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the laying out of the shares of the several claimants, 
after their respective values have been found by the above 
rule, is only a repetition of the methods already given, 
on a large scale; and after the work of laying out the 
several enclosures on the ground has been completed, the 
last enclosure or sluire of the common must be of the 
same value as that assigned by the rule, or so very near to 
it that the error is of no importance * otherwise a mistake 
has been made winch must be immediately rectihed. 



CHAPTP]R XII. 

PLOTTING PLANS AND SECTIONS, 

Ihrawing Instruments.—The simple drawing instniments 
in common use are familiar to all. It is false economy to 
pnroliase chea[) ones, as the best can be obtained at a 
trifling extra cost. 

'J'he author considers that the following only are re¬ 
quired by the articled pupil at the commencement of his 
apprenticeship—viz., a drawdng pen, with turn-up nib; 
dividers ; G inch compasses, double jointed (one leg to carry 
needles, the other to carry ink and j)encil ])oints); set of 
spring bows wdth needle points; pricker; and 2-foot rule 
with divided scales. Such instiuments may be carried in a 
leather case made for the purpose. There may also be pro¬ 
vided with advantage a 12-in. rolling ebony parallel rule. 

The remaining instruments constantly in use are gener¬ 
ally provided by the surveyor, and consist of drawing 
board, which should be propeidy framed of w^ell-seasoned 
pine; T-square and set-squares, 45° and 60°, of pear wood 
or mahogany, with ebony edges; well-finished G-foot steel 
straight-edge, railway curves, French curves, beam com¬ 
passes, and protractor. 

Railway Curves arc a series of thin rulers shaped to 
arcs of circles of various radii, usually from 1 i to 20 inches, 
and are used for projecting railway curves on plans, and to 
determine the radii of curves already projected. The radius 
of each curve is marked upon it in inches ; and when, for 
example, a curve is applied to a plan, the scale of which is 
5 chains to an inch, the marked radius must be multiplied 

5 to obtain the true radius of the curve : thus, if the 
radius marked on the curve be 16 inches, then 16 x 6 zz 
80 chains zz one mile, which is the radius of the curve. 
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French curves are similar, but with several curves on 
one ruler. They can be had in great variety of shapes 
and sizes. 

Beam Compasses.—This instrument, shown in the 
sketch, consists of a beam A A, of any length required, 
generally made of well-seasoned mahogany. Upon its face 
is inlaid, throughout its whole length, a slip of holly or 
boxwood, a rq on which are engraved the divisions, in the 
best instruments to *01 of an inch. The Ordnance pattern 
here illustrated is divided to a scale of chains, 80 of which 

occupy a length of 6 inches, which, therefore, represent 1 
mile, 6 inches to the mile being one of the scales to which 
that survey is plotted. 

Two brass boxes, B and C, are adapted to the beam; 
of which the latter may be moved, by sliding to any part 
of its length, and its position fixed by tightening the clamp 
screw E. Connected with the brass boxes are the points 
of the instrument, G and H, the point G being fitted with 
needle point, and H with pen or pencil, which may be made 
to have any extent of opening by sliding the box C along 
the beam, the other box B being firmly fixed at one 
extremity of the beam. 

The object to be attained by the instrument is the nice 
adjustment of the points G H to any definite distance apart. 
This is accomplished by two verniers, or reading places, h c, 
each fixed at the side of an opening in the brass boxes, and 
affording the means of minutely subdividing the principal 
divisions, a a, on the beam, which appear through these 
openings. D is a clamp screw for a similar purpose to the 
screw E, that is, to fix the box B, and prevent motion in the 
point it carries after adjustment. F is a slow motion screw, 
by which the point G may be moved any minute distance 
for perfecting the setting of the instrument. 
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The method of setting the instrument may be understood 
from the above description of its parts, in conjunction with 
the following explanation of the method of examining and 
correcting the adjustment of the vernier v/hich, like all 
other mechanical adjustments, will occasionally become 
deranged. This verification must be i)erforined by means 
of a detached scale. Suppose, for exani])Ie, that the beam 
compass is divided into feet, inches, and tenths, and sub¬ 
divided by the vernier into hundredths, &(*. Fii st set the zero 
division of the vernier to the zero of the ])rinci}>al divisions on 
the beam, by moans of the slow motion screw F. This must be 
done with great care. Then slide the box L\ with its point 
H, till the zero on the vernier C exactly coincides with any 
principal division on the beam, as 12 or (i inches. To 
enable us to do this with extreme accuracy, some superior 
kinds of beam compasses have the box C also furnished 
with a tangent or slow motion screw, hy which the setting 
of the points of division may be })erformed with the utmost 
precision. Lastly, apply the |M‘ints to a similar detached 
scale, and if the adjustment be perfect, the interval of the 
points G, H will measure on it the distance to which they 
were set on the ])eam. If they do not by ever so small a 
quantity, the adjustment should be corrected, by turning 
the screw F, till the points exactly measure that on the 
detached scale; then, by loosening the little screws which 
hold the vernier h in its place, the position of the vernier 
may be gradually changed, till its zero coincides with the 
zero on the beam ; and the screws being now tightened, the 
adjustment will be complete. 

The ordinary pattern of beam compass is supplied to fit 
any beam or lath, and has not the vernier adjustment. 
The best way of using the compass in this case is to lay 
down on a straight i)encil line the length of the arc to be 
struck and set the compass to it. 

The Circular Protractor.—There are various forms 
of the circular protractor, differing in detail. The sketch 
on the next page represents one of the best class. 

This instrument is a complete circle A A, made from 6 
inches to 14 inches in diameter, connected with its centre 
by four radii a a a a. The centre is left open and sur¬ 
rounded by a concentric ring or collar which carries 
two radial bars c c. To the opposite extremities of the bar 

N 
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are fixed verniers whicli subdivide the primary divisions 
on the protractor' to single minutes, and by estimation to 
30 seconds. This vernier, as may be readily seen from 
the engraving, is carried round the jrrotractor by tinning 
the tarrgent screw d. Upon each radial bar r c is placed 
a branch e each point cari'ying at its extremity a fine 
steel pi’icker, wliose points are kept a])ON’e the surface of 
the paper by springs placed under their supports, which 
give way wlien the branches ai“e jrressed downwards, and 
allow the points to make the necessar y puncture on the 
paper. The branches e. e are attached to the bars r c with 
joints which admit of their being folded backwards 

over the instrument, when not in use, and for packing in 
its case. The centre of the instrument is represented by 
the intersection of two lines, drawn at right angles to each 
other, on a piece of plate glass, which enables the person 
using it to place it so that the centre, or intersection of the 
cross lines, may coincide with any given point on the 
plan. 

If the iiKstrument is in correct order, a line connecting 
the fine pricking points with each other would pass through 
the centre of the instmment, as shown by the intersection 
of the cross lines on the glass; which, it may be observed, 
are drawn so nearly level with the under surface of the 
instrument as to do away with any serious amount of 
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parallax, when setting the instrument over a, point, from 
which any regular lines are to be drawn. In using this 
protractor the vernier should first he set to zero, or the 
division marked 3G0, on the divided limb and then placed 
on the paper, so that the fine steel points may be on the 
given line, from whence the angular lines are to be drawn, 
and that the centre of the instriinient may coincide with 
the given angular point in the same line. It is now ready 
to lay off the given angle, or any number of angles, that 
may be required from the given point, which is done by 
turning the tangent screw d till the opposite vernier reads 
the required angle. Then press the blanches e e gently 
down, and they will cause their points to make the punctures 
in the paper, at opposite sides of the circle; Avhich being 
afterwards connected, the line will pass through the given 
angular point, if the instrument was first correctly set. In 
this manner, at one setting of the instrument, any pro¬ 
posed number of angles may be laid off from the same 
point. 

A cheap and useful protractor is that used in the 
Ordnance Survey department. It is 1*2 inches in diameter, 
of cardboard, with the centre cut out. The results are 
accurate on account of its large diameter. 

Ink.—All plans (excepting finished architectural draw¬ 
ings, which may be in sepia,) should be drav\n with the 
finest Chinese ink, prepared by rubbing down from the stick. 
Some skill is required in producing this of the proper 
degree of intensity of black. A very small quantity of 
water is put in the palette by dropping from a colour 
brush, and this small quantity made perfectly black; 
water may then be added from time to time until the 
sufficient quantity is prepared. The ink dries rapidly, 
and on no account should any fresh ink be mixed in the 
palette containing that first mixed, as lines from such 
ink would run if a colour wash were taken over them. 
A little powdered alum mixed with the ink will tend to 
prevent such running. 

For making a tracing on which fine lines are not par¬ 
ticularly requisite, the liquid Chinese ink supplied in small 
bottles by the makers may be used. The lines, however, 
have a tendency to be rubbed out if the tracing is sub¬ 
jected to wear. 
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Colours.—The author considers that colours supplied 
in the cake are more economical and cleaner in use than the 
pan colours. Some of the conventional colours used in 
plans are set out below— 

Ea,.rk 1 - amber. 
I ,, (turied), h^lit green. 

Concrete —Neutral tint mottled. 
( Elevation : lake, ^ith yellow ochre. 
[ Plan : carmine or lake. 

Q, , ( Elevation: light sepia or Indian ink. 
btoneworij ^ Prussian blue. 

Woodwork—Burnt sienna. 

Brickwork 

Sections to be the same (colour as the plan, hut darker. 
A greasy surface such as parchment, before receiving ink Or 

colour, may first be rubbed gently with a little prepared 
chalk, or clean blotting paper. Ox-gall, or even common 
soa}>, answers the same purpose, but ink mixed with ox-gall 
invariablj" runs if a colour wash is applied. 

The colour brushes should be the best red sable. 

Drawing and Tracing Cloths and Paper.—There is 
a great variety of these in the market, each more or less 
suitable for a specific j)urpose. For estate or engineering 
chief plans, the best Whatman’s papei’ mounted on brown 
holland should he used; and for plans not receiving the 
same probable wear, i)aper varying in quality from What¬ 
man’s best to ordinary thin detail paper may be used, 
according to the importance of the drawing. Tracing 
cloths should be sclecte<l having regard to their transpar¬ 
ency, closeness of the thread, and freedom from grease. 
The same remarks as to transparency and grease apply to 
the tracing papers, which also should be sufficiently tough 
to resist tearing. 

Tracings are now generally made on the dull side of the 
cloth. 

Pencils.—The best pencils for plotting the notes of a 
survey are A. W. Faber’s first quality, Nos. 4 or 5. For all¬ 
round office work a No. 3 is perhaps more suitable. 

Drawing to Scale.—Plans and sections are protracted 
on paper by means of scales. These scales are generally 
ratios of some given defined measurement to a certain 
nuit of length on the plan or section—as, for example, a 



PLOTTING PLANS AND SECTIONS. 181 

scale of 40 feet to an inch; this indicating that a length of 
40 feet on the ground is plotted on the pa[)er in the length 
of one inch, and vice versd^ and all fractions of 40 feet on 
the ground are corresponding fractions of one inch on the 
paper. 

In some cases the scale is expressed by the fraction which 
indicates the ratio of the length of the line on the i)aper to that 
of the corresponding line of the grouiul—as, for instance, 
the scale of the parish ma])s of the Ordnance Survey, which 
is 2 7>\ro. This ratio can of course be worked out to give the 
scale on the first method here referred to, and in the above 
example of the parish map is 25*344 inches to a mile, or 
208*33 feet to one inch. 

The scales are simply flat rulers of boxwood or ivory, 
with feather edges so as to lie flat on the paper, and bring the 
divisions close to it. They are about 121 ins. long, and 
give a clear divided space of 12 inches. This space is sub- 
divide<l into primary divisions corresponding to the number 
of divisions recpiired to the unit, as, for instance, in a scale 
of 4 chains to the inch, one inch would be divided into four 
parts, I inch representing one chain. These primary di¬ 
visions are again subdivided into ten, so that each sul)- 
division on the scale in question will represent one-tenth 
of a chain or 10 links. 

In the case of a scale of 40 feet to the inch, each of the 
primary divisions would represent 10 feet, and each of the 
subdivisions 1 foot. An offset scale is 2 inches long, divided 
exactly in the same way as the main plotting scale. 

In plotting the survey the scale is laid at its zero point 
along the survey line on the paper, and the offset scale is 
placed in front of and moves along the main scale until the 
point is arrived at on the scale corresponding to that on the 
ground where the offset was taken. The length of the 
offset is then pricked oft* along the offset scale with a needle 
or the fine point of a hard pencil. It is, of course, im¬ 
possible to subdivide the scales beyond certain limits, as 
the closeness of very fine divisions render readings difficult. 
Any subdivision required on the scales and not marked—as, 
for instance, 40 feet 6 inches—is estimated with the eye 
between the distances representing 40 and 41 feet re¬ 
spectively. 

The scale to which a particular plan is drawn should be 
such as to show clearly the snecific object for which it was 
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made, but no advantage arises from drawing to a larger 
scale than is necessary, for the larger the scale the larger 
the plan, and naturally the more labour. The Ordnance 
maps are drawn to scales described in Chapter XV., “ Pub¬ 
lications of the Ordnance Survey.^' The scale for a survey 
of an estate will vary from 2 to 10 chains to the inch, 
according to the size of the estate and the purpose for 
which the survey is made. 

A plan of a building estate is conveniently drawn to 30, 
33, or 44 feet to the inch. For engineering surveys a scale 
equal to that of the parish maps of the Ordnance Survey, 
208 33 feet to the inch, is very useful, and for Parliamentary 
{)lans the scales must be those laid down in the standing 
orders. 

Correction for Distances when Measured from 
Plan in Error by Wrong Scale.—It sometimes happens 
that a distance is scaled on a plan using by mistake a wrong 
.scale, as, for instance, measuring with a 3-chain scale from 
a plan drawn to a scale of 2 chains to the inch. In such a 
case the error is adjusted by the ordinary rules of pro¬ 
portion. Assuming the distance to be measured with the 
3 chain scale to be 241 feet, the correct distance (which 
would be measured by a 2-chain scale) is found thus : 

3 : 2 :: 241 : correct distance. 

241x2 
The correct distance therefore equals ~—g-— —160 ft. 8 in. 

Instructions for Drawing Plans.—The paper on 
which the plan is to be drawn should be exposed for 
twenty-four hours in the office before use. The first step 
is to draw the scale on a convenient part of the paper, so 
that, in the event of any shrinkage taking place, the scale 
will be equally affected. The drawing table should have 
its edges rounded off to prevent creasing the pa[)er. 

In plotting a survey the main lines may conveniently be 
roughly plotted on tracing paper to ascertain the shape the 
plan will occupy on the paper. When this is arrived at, 
they may be carefully plotted in pencil on the paper. The 
filling-in lines should then be plotted, and subsequently 
the detail may be proceeded with, the offsets being plotted 
with the offset scale. 
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The detail when finished may be inked in, commencing 
at the left-hand top corner of the plan. When this is done 
the survey lines may be rubbed out, the commencement 
and end of them at their junction with any other lines 
being indicated by a faint red tick, so that they can be 
ruled in again should occasion r*equire without re-plotting 
the whole work. The direction of the north should be 
marked on the plan. Tlie lines for inking in should be 
very fine and all of one thickness. When the required 
thickness has been obtained the nibs of the pen should not 
be altered; they can be cleaned by passing a piece of paper 
between them. 

The best light for this work is obtained in a room lighted 
from the top. 

In colouring, the brush should be held straight, and the 
colour brought in an even wash towards the draughtsman, 
and great care taken not to exceed the limit of the aiea to 
be coloured. 

The printing on plans is of very great importance to give 
a good appearance. That known as block printing and 
italic writing are the most useful, and an articled pupil will 
find great advantage in studying and copying the italic 
writing on the Ordnance maps. 

Plotting a Survey made with the Magnetic ITeedle. 
—In a previous chapter on Sur^^eying with the Theodolite, 
an example of a survey with the magnetic needle was given, 
and in the present chapter the protractor is described. The 
reader may now refer to the figure on page 96. To plot the 
hearings, place the protractor at a, so that a h shall have its 
due bearings with regard to the magnetic meridian N S, the 
north and south being re} resented on the protractor by 
180° ; prick off‘ from the bearings of a/, a b, h r, c d, de,ef ; 
from a draw af and ah^ making the latter the length of the 
measured chain line, and from h c d and e draw with the 
parallel ruler h r, c d, d e, and e f parallel to their bearings 
pricked off from a, and make them of lengths corresponding 
to the measured chain distances.* 

Plotting Sections.—In most cases, as already ex¬ 
plained, surveying operations precede those of levelling. 
The horizontal distances can conveniently be plotted on the 

* Heather’s “Mathematical Instruments.” 
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same scale as that of the plan, but this, though desirable, is 
not absolutely necessary. When the heights or vertical 
distances are plotted to the same scale as those horizontal, 
the section is known as a “ natural ” section. More often 
this cannot be obtained, as when the horizontal scale is 
small —for example, 3 chains to the inch : the measurement 
of vertical distances to such a scale would be uncertain 
and lead to serious eiTor. In such cases the vertical dis¬ 
tances are plotted to a diflerent scale, as, for ijistance, 10 
or 20 feet to an inch, the height being thus exaggerated 
to render measurement more convenient. 

In plotting the section the datum line should first be laid 
down in ink, in a very fiTieline, and the horizontal measure¬ 
ments taken pT’icked off along it. Lines vertical to the 
datum line an^. dien ruled in pencil from these points with 
a set-square, and the heights above the datum pricked oH 
on them. These prick holes are subseiiueiitly joined, and 
represent the surface of the ground. For example, suppose 
the level of a })oint on the surface to be 25 feet about 
Ordnance datum, and for convenience a datum line 10 feet 
above Ordnance be fixed for the datum of the section. The 
height would be laid off with the scale so as to measure 
15 feet above the datum line. 

The section is then finished as shown in the drawings of 
the section in the chapters on Levelling and liailway 
Surveying. 

Cross-sections can be eitlier plotted to the same scales 
as the main sections, or, as for Parliamentary purposes, to 
scales larger than the main scale. 

Gradients.—A gradient is the degree of slope or rate 
of inclination of any surface, as, for example, a road, railway, 
or sewer. On page 136, the gradient of the proposed new 
railway is shown to be 1 in 100, indicating that the railway 
in 100 feet—measured horizontally—rises or falls 1 foot, 
measured perpendicularly. 

The method of laying out gradients is by applying one 
end of an extended silken thread to the section at its com¬ 
mencement, the other end being so applied that the thread 
may cut the profile of the earth's surface, so as to leave 
equal portions of space both above and below the thread, as 
nearly as can be estimated by the eye, so that the cuttings 
from the pa;rts above the thread may furnish sufficient 
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materials to fill up the spaces or })arts below the thread to 
form the embankments. A straight edge of glass may also 
be conveniently used for this piirj^ose. 

If the position of the first gradient, though in itself 
favourable, should cause the next gradient to be less favour 
able, with regard to the extent of cuttings and embank¬ 
ments, the position of the first gradient must be altta ed to 
suit tlie next following gradient, till it be found that the 
compound result of the cuttings and enibaidcments on the 
two gradients, or on the successive gi adients, as now altered, 
shall have less of cuttings and end)ankments than in the 
preceding case. In this way it is advisable to change the 
positions of the gradients till the rninirnuni of cuttings and 
embankments seems evidently to be attained, due regard 
being had to the limit of safety in the ascent or descent of 
the gradients, also keeping in vicAv, at the same time, the 
proper height for bridges to cross rivers, Ac., the difficulty 
of making the excavations being supposed equal. 

Rule for finding the Rate of Inclination of a 

Gradient.—Divide the horizontal length of the gradient in 
feet, by the difference of the heights of the gradient at its 
extremities, above the datum line, and the quotient is the 
horizontal measurement to a rise or fall of one foot. As 
above stated this is the rate of inclination of the gradient. 

Example.—Assume the gradient at its commencement, to 
be 261-35 feet, and at its termination to be 269-20 feet 
above the datum line ; thus giving arise of 269-20 — 261-35 
= 7‘85 feet, and assume the horizontal length of the gradient 
is to be 31-50 chains = 2079 feet. Then 2079 7-85 — 
264 (fractions omitted), or a rise of 1 in 264, or of 20 feet 
per mile. 

Rnlargiug and Reducing Drawings. — Various 
methods are in use for enlarging and reducing draAvings, 
all approximating nearly to accuracy of results. If the 
utmost accuracy is indispensable, and the survey notes are 
at hand, the best method is to re-plot the work to the scale 
required. The methods refeiTed to are :— 

^1) By proportional compasses. 
(2) By the pentagraph. 
(3) By the eidograph. 
(4) Bv the method of squarea 
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(1) Bif proportioml campasses.—This instrument is supplied 
with a gooci set of drawing instruments, and when the 

drawing to be dealt with is small may be 
used. The illustration will explain the 
instrument, the bar C sliding between the 
legs of the compasses and being fixed in ;i,ny 
position by means of the niilled-hcaded screw. 

(2) Bf/ the penkujraph.—The j)entagiapli 
consists of four brass bars, A B, A C, D F, 
and F E; the two longer bars, A B, A (_/, are 
connected by a movable joint at A; tlie two 
shorter bars are connected in like manner 
with each other at F, and with the longer 
bars at D and E, and, being equal in length 

to the portions A D, A E of the longer bars, form with them 
accurate parallelogram A D F E, in every position of the 

instrument. Several ivory castors support the machine 
parallel to the paper, and allow it to move freely over it in 
all directions. The arms A B and I) F are graduated and 
marked i, &c., and have each a sliding index which can 
be fixed to any of the divisions by a milled-headed clamping 
screw, seen in the engraving. The sliding indices have 
each of them a tube, adapted either to slide on a pin, rising 
from a heavy circular weight called the fulcrum, or to 
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receive a sliding holder with a pencil or pen, or a blunt 
tracing point, as may be recjuired. 

When the instrument is correctly set, the tracing point, 
pencil, and fulcrum will be in one straight line, as shown 
by the dotted line in the figure. The motions of the tracing 
point and pencil are then each compounded of two circular 
motions, one about the fulciuni, and the other about the 
joints at the ends of the bars, upon which they are re¬ 
spectively placed. The radii of these motions form sides 
about e(|ual angles of two similar triangles, of which the 
dotted straight line B C, passing through the tracing point, 
pencil, and fulcrum, forms one side ; hence the distances 
passed over by the tracing point and pencil, in consequence 
of either of these motions, have the same ratio, and, there¬ 
fore, the distances passed over in conseijuence of the com¬ 
bination of the two motions, ha\’e also the same ratio, w^hich 
is that indicated by the setting of the instrument. 

The engraving represci’ts the pentagraph in the act of 
reducing a map to the scale of half the original. For this 
purpose the sliding indices are first clamped at the divisions 
on the arms, marked ^ ; the tracing point is then fixed in 
the socket at C, over the original map ; the pencil is next 
})laced in the tube of the sliding index, on the bar D F, over 
the paper to receive the copy ; and the fulcrum to that at 
B, on the bar A B. The machine being now ready for use, 
if the tracing point V be passed delicately and steadily over 
every line of the map, a copy, but of one half of the scale 
of the original, will be marked by the pencil on the paper 
beneath it. The fine thread represented as passing from 
the pencil quite round the instrument to the tracing point 
C, enables the draughtsman at the tracing point to raise the 
pencil from the paper while he passes the tracer from one 
part of the original to another, and thus to [irevent false lines 
being made on the copy. The pencil holder is surmounted 
by a cup, into which sand or shot may be put, to press the 
pencil more heavily on the paper, when found necessary. 

If the object were to enlarge the map to double its scale, 
then the tracer must be placed on tlm arm DF, and the 
pencil at C ; and, if a copy were required of the same scale 
as the original, then, the sliding indices still remaining at 
the same divisions on D F and A B, the fulcrum must take 
the middle station, and the pencil and tracing point those 
on the exterior bars A B, A C of the instrument. 
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Though the pentagraph affords the most rapid means of 
reducing a map or (Irawing, we cannot recornniond its use 
for enlarging a copy, or even for copying on the same 
scale, especially if the original drawing is a complic ated one. 

(3) Bjf the ekkyjraph.—This instrument is more reliable, 
owing to its construction, than the pentagraph. It has the 
disadvantage of being expensive, a 30-inch eidograph costing 
.£14. The instrument has only one point of su[)port on the 
paper, the joints being fulcrums fitting in accurately ground 
bearings. It can be set to enlarge or reduce a drawing in 
any proportion, thus didering from the i)entagraph, which 
can only work according to the divisions engraved on it. 

(4) Ihj the method of squares.—This method, although in 
reducing sufficient accuracy is secured, is at best laborious. 
The method may be best shown by an example. Let Fig. 1, 
of the two annexed sketches, represent a plan of an estate 
which it is reejuired to copy upon a revluced scale of one- 
half. The copy will therefore be half the length and half 
the breadth, and consequently will occupy but one-fourth 
the space of the original. 

Fig. 1. Fig. 2. 

"Fa bcde/ffhl F 

kly &c., on the*line FG : from the points in the line FI, 
draw lines parallel to the other line F G, as a a, bb, cc, &c., 
and from the points on F G, draw lines parallel to F I, as 
i i, kk^ II &c., which being sufficiently extended towards I 
and G, the whole of the original will be covered 
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with small and equal squares. Next draw upon the 
paper int(‘nded for the copy, a similar set of squares, but 
having each side only one-half the length of the former 
as is represented in Fig. 2. 

It will now be evident that if the lines A B, B C, C D, 
&c.. Fig. 1, be drawn in the corresponding squares in Fig. 2, 
a correct copy of the original will be produced, and of half 
the original scale. 

Comnn ncing then at A, observe where in the original 
the angle A fails, towaids the bottom of the square marked 
d e. In the cori esponding square, therefoi e, of the copy, 
and in the same proportion towanls the left-liand side of it, 
place the same point in the copy : from thence, tracing 
where the curved line A F crosses the bottom line of that 
si^uare, wliich crossing is about two-fifths of the widths of 
the square from the left-hand corner tow\'irds the right, and 
cross it similarly in the copy. Again, as it crosses the 
right-hand bottom corner in tlie second square below d c, 
describe it so in the copy ; find the position of the points 
similarly where it crosses the lines // and g above the 
line 11, by comparing the distances of such crossings from 
the neai'est corner of a square in the original, and similarly 
marking the re(iuired crossings on the corresponding lines 
on the copy. Lastly, determine the j)lace of the point B, in 
the third square below gh on the top line; and a lino 
drawn from A in the copy, through these several points 
to B, will be a correct reduced co})y of the original line. 

Proceed in like manner wdth every other line on the 
plan and its various details, and (assuming, of course, that 
the work is done with sutHcient care and accuracy) the 
plot or drawing will be laid down to a small scale, yet 
bearing all the proportions in itself exactly as the original. 

The process of enlarging drawings, by means of squares, is 
a similar operation to the above, excepting that the points 
are to be determined on the smaller squares of the original, 
and transferred to the larger squares of the copy. The 
process of enlarging, under any circumstances, does not, 
however, admit of the same accuracy as reducing. 

Copying Drawings. — Several methods of copying 
plans and drawings are in use, as follows :— 

Copying hy tracing.—This is the most common method, 
a sheet of transparent tracine^ paper or cloth bein^>- placed 
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over the drawing, the lines of which, visible through the 
transparent medium, are duly marked on it. 

By transfer j)a..pei\—A sheet of tracing paper, having its 
under side rubbed over with powdered black lead, is laid 
upon the paper intended to receive the copy ; the original 
is then [)laced over both, and a tracing })oint is carefully 
passed over the lines of the drawing with a pressure 
proportionate to the thickness of the pai)er; and the 
paj)er beneath will receive corresponding marks, forming 
an exact cop}^ 

Copying hy reflected light through a, copying glass.— In 
this method the drawing is placed on a large sheet of plate- 
glass, called a copying glass, and the paper to receive the copy 
placed over the drawing. The glass is then fixed in such a 
position as to have a strong light to fall u})on it from 
behind, and to shine through it, and both the original 
drawing and the paper to receive the co])y. By this means 
the lines of the original drawing become visible thiwgh the 
pa])er to receive the copy, which can be made with ease, 
without any risk of soiling or injuring the original. 

Copying hy pricking of. -This process is very commonly 
iise<l. The ])lan to be copied is placed over a sheet of 
paper, and all points, forming the divergence or commence¬ 
ment of lines, are pricked through on to the Y)aper beneath by 
means of a very fine needle, known as a pricker, supplied 
with every case of instruments. 

Cojjying hy the pentagraph^ eidograph., a)id method, of sqnares. 
—Those methods for enlarging and reducing have been 
already described, and it will be readily seen how they can 
be adapted for producing a copy the same size as the 
original. 

Photography, as well as heliography or sun printing, is now 
commonly resorted to where more than one copy is 
required, the advantage being that any number of copies 
can be prepared from one tracing. 

Heliography is practised in three ways—^namely, by the 
forro-gallic process, in which the lines ajipear black on a 
white ground ; by the ferro-prussiate process, in which the 
lines appear white on a blue ground ; or by the ferri cyanide 
process, in which the lines appear blue on a white ground.* 

* Appliances and instructions for these processes may be obtained 
from Mr. W. F. Stanley, Great Tumstdle, Dondon, 



CHAPTER XIIL 

CALCULAriON OF AREAS ANT) CUBICAL 

CONTENTS, 

The reader is referred to the chapters on Practical (xcometry 
and Mensuration at the beginning of tins work, where tlie 
rules, formulas and tables of nujasure necessary for ordinary 
calculation are set out. The o])ject of the present chapter 
is to j)resent the methods commonly in use among surveyors 
of applying such rules and formulse in ])ractice. 

ABEAS. 

To reduce square links to acres.—Rule. Out oft' 5 
figures to the riglit; the remainder will be acres. Multiply 
the n figures l)y 4, and again cut oft' 5 figures; the 
remainder will be roods. Multiply the 5 figures by 40, and 
again cut oft 5 figures; tlie remainder will be perches. 

Uethods of Determining Areas. 

The following are the methods in general use :— 
(1) By calculation, in certain cases applicable, without 

protracting the measurements on paper. 
(2) By protracting the measurements, and, in the event 

of the enclosure having irregular boundaries, finding the 
area of the figure enclosed within the survey lines, and 
adding to it (or subtracting from it in case the survey line 
is outside the enclosure) the small triangles or trapeziums 
formed by the ofl'sets and the space between the boundary 
of the enclosure and the survey line. 

(3) By protracting the measurements, and reducing the 
irregular boundaries to straight boundaries by means of 
what are termed “give and take'^ lines, thus forming a 
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regular figure or an irregular polygon with a smaller 
number of sides than in the second case. 

(1) By the comjmting scale. 
(5) By the plariimeter. 

In all cases the position of tlie ditch with reference to the 
fence must be taken into account in calculating the area, as 
the line on the paj)cr thus-—-represents the centre 
of the quicks of the fence, as already explained. (Tliis 
matter is dealt with in that j)art of the chapter on Chain 
Surveying relating to boundaries, page 40.) 

(1) Area?, ht/ calculaiion only, tcithout profraefituj on paper-.— 
Ill the case of a triangle, square, rectangle, parallelogram, 
circle, and its parts or ellipse, the area can be computed 
from the measurements, without ])lotting them on paper, 
by the ordinary rules of mensuration. Similarly, the area 
of a piece of land measured by equidistant offsets or 
ordinates, according to Simpson’s rule (see l>age 19), can 
be ascertained. The area of a triangle can be computed 
from its thi’ec sides, as shown on page 16, or by trigono¬ 
metry, as on page 81. 

(2) Area? from protracted meamremenU^ without yive-aml- 
take line?.—The ordinary method in this case, as also in case 
No. 3, is to make a tracing in ink of the enclosure, and 
to mark on it the allowance from the centre of the fence 
for the ditch. This, then, represents the actual extent of 
land in question, ami tiie figure of a trapezium is split up 
into triangles—or, in the case of an irregular polygon, into 
triangles and trapeziums as most convenient—the measure¬ 
ments for the necessary calculation being taken from the 
plan with a scale. Such divisions of the enclosure are best 
marked with thin red lines, each subdivision (triangle or 
trapezium, as the case may be) being marked with a dis¬ 
tinctive letter. An example of this method of computing 
is given below. It cannot compare with that in which give- 
and-take lines are used, as the areas of numerous small 
triangles and trapeziums havQ to be ascertained which in 
the other method are avoided. 

Emrnple.—Find the contents of an enclosure from the 
following field-notes:— 
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Having drawn the figure, the proof line B h will be found 
to be 1056 links, as in the field-note. 

Double areas. 
2644224 triangle ABC 
653112 offsets on A B and A C 

3297336 sum 
199016 deduct areas on B 0 

2)3098320 difference 

15-49160 = 15a. Ir. 38nearly, the area required.* 

(3) Computation of the area by redmeing the crooked sides to 
straight lines, by give-and-take lines,—By this method, straight 

♦ The observations in the chapter on Chain Surveying page 37) as 
to long offsets apply equally in this oasOr 

O 
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lines are drawn on the plotted figure, so as to include 
as much space in the area which is to he measured as 
they ex cl’Hie, as nearly as can be judged by the eye ; the 
area to be measured is tiius reduced to a figure bounded 
by straight lines only. The method of drawing these 
lines is usually by a straight edge of glass or ruler of 
transparent horn, or by a silken threatl stretched, the 
nder or thread being moved over the crooked fence, till it 

appear to the eye to 
enclose as much of the 
adjoining ground as is 
left out; a line is then 
diawn in this position, 
and so on for other 
crooked fences. Thus 
the trouble of calculating 
numerous oflfsets is com¬ 
pletely avoided, and with 
pro[)er care equal accu- 

^ b racy is obtained. 
We shall adopt the 

last example for this 
method of taking out 
the area, that it may be 
seen how near the two 
methods agree. 

A tracing of the figure 
being made, with the 
allowance from the 
centre of the fence 
marked on, the three 
IhiiiH AB, BC, C A 
must now be drawn, in 
such a manner, that the 

A. parts excluded by them 
may be equal to the 

parts included, as nearly as can be judged by the eye. 
The base A C will be found to be 2584 links, and the per¬ 
pendicular B ^ = 1200 links. Whence 

2584 X 1200 
-2-^ = 15-50400 = 15a. 2n Ip, 

If the area found by the first method be taken from the 
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area juRt found, it will be seen that they 
differ by little more than one pole out of 
15^ acres, or little more than 1 in 4000 : 
thus 

¥ 

15-50400 
15-49160 

1240 square links, or a little less 
than two poles. 

(4) JreiU hy the computing scale,—The 
computing scale is here shown. Areas 
can only be worked out from plans diawn 
to the same scale marked on the com¬ 
puting scale. A common scale is 3 chains 
to the inch. The computing scale can, 
however, be had divi<led as required. 

It consists of a boxwood rule, in the 
case now described, of 20 inches long, and 
adapted to 3 chains to the inch ; con¬ 
sequently the length of 20 inches will 
represent 60 chains, or 6 acres for a strip 
1 chain wide. The length of the scale is, 
therefore, divided into 6 parts, each sub¬ 
divided into 4 to represent roods as 
shown in the figure. The upper edge of 
the scale reads from left to right, viz., 
from 1 to 6 acres, and the lower, sub¬ 
divided as the other from right to left, 
viz., from 7 to 12 acres. A metal frame 
arranged to lie flat on the paper slides 
in an undercut groove of the main scale. 
In the centre of the frame is an index of 
strained wire in line with the zero on a 
scale of perches on the frame, which are 
arranged to read from 0 to 40 from left 
to right on each side of the index, to 
correspond respectively with the main 
scale when read either on the lower or the 
upper edge. The space occupied on the 
frame of 40 perches is equal to that of one 
subdivision or 1 rood on the main rule. 

The scale is used as follows :—A piece of tracing paper 
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is fastened over the plan, and on this tracing paper are 
drawn parallel lines 1 chain apart, equal in this case to J 
inch. The computing scale, with its index at zero on the 
main scale, is placed on the first of the parallel lines on 
the paper enclosing anj" part of the estate. The scale 
must he ]>laced iji such a position that the index forms a 
vertical give-and-take line at the commencement of laying 
it on each parallel space. The frame is then moved along 
the scale until it arrives at the edge of the estate comprised 
within the first parallel space where a similar give-and-take 

line is made. Without moving the index the scale is then 
taken up and placed over the second parallel space, and the 
operations described above are repeated until the index 
reaches the end of the rule, or 6 acres. The scale is then 
turned round so as to read with the lower edge, care being 
taken to place the index at the same spot on the paper 
where it registered the 6 acres. When the whole estate has 
been traversed the number of perches shown by the reading 
of the index, added to the number of acres and roods 
traversed, will give the area. The illustration shows the 
method of adjudging the give-and-take line. 
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(5) Areas hy the planimeter.—This is an extremely deli¬ 
cate instrument, so liable to injury in ordinary use as to 
cause anxiety as to the accuracy of measurements made 
with it. It consists, essentially, of two arms jointed together 
so as to move with perfect freedom in one plane, and a wheel 
which is attached to one of the arms, and wliich, turning 
on this arm as an axis, records by its revolutions the area 
of a figure ti'aced out by a point on the arm to which it is 
attached, wliilc a point on the other arm is made a fixed 
centre about which the instrument revolves.* 

Correction for Areas Measured for Plan, in error, 
by wrong scale. 

Occasionally it may occur that an area is measured from 
a plan by mistake with a scale other than that to which the 
plan is actually drawn. To take an example, assume that a 
plan is drawn to a scale of 2 chains to the inch, and the 
dimensions from which the area is ascertained are accident¬ 
ally scaled from the [dan with a scale of 3 chains to an inch. 
The ar(‘a (re[)resented by 10 square inches on the plan) is 
ap[)arently (though incorrectly) 9 acres, or 90 square chains, 
measuring with the 3-chains scale. The actual area is 
of course less, since an equal number of square inches on the 
plans drawn to 3 and 2 chains to the inch respectively, re[)re- 
sent a less area on the ground in the case of the 2-chains 
scale than in that of the 3-chains scale. 

The actual area is thus tound by the ordinary rules of 
proportion, remembering that the units dealt with are 
in square measure :— 

3^ : 2^ :: 9 acres : correct area. 

^ , 9 acres x 2^ 
Correct area = -—- 4 acres. 

CXTBICAl^ CONTENTS. 

The content of a solid rectangular body, such as a square 
block of stone, is easily computed. Before proceeding to 
calculations for estimating the contents of cuttings which 
are largely worked out by tables, a few simple examples of 
estimating cubical contents of common objects required in 
ordinary agricultural practice may be given. 

Heather*s ^^Mathematical Inatrumente.’* 
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Excavations of Fits with Sloping Sides. 

In the case of excavating for a pit, such as a marl pit, 
the sides are sloped back to prevent earth falling in, and 
then two cases are presented: (1) Where the bottom of 
the pit is taken out so as to be parallel with the surface. 
(2) Where the excavation is irregular. 

Case I.—The excavation has tue top and bottom forming 
two [)arallel {>lane rectilineal figures with its sloping sides 
trapezoids. It is, therefore, a prismoid, and the prismoidal 
formula, which is here repeated from the chapter on Men- 
siu'ation for convenience, will apply. 

Rule.—Add together the areas of the two ends, and four 
times the area of a section parallel to the two ends and 
midway between them, multiply the sum by the height, 
and i of the product will be the volume. 

Example.—Required the contents of a pit, the top of 
which is a rectangle 12 feet x 10 feet, the bottom section 
8 feet X 6 feet, and the dej)th 4 feet. 

Top section 12 x 10 = 120 square feet. 
Bottom section 8 x 6 = 48 „ 
Middle section 10 X 8 = 80 „ 

, 1120 + 48 4- (4 X 80)1 x 4 , 
Content =1---u-^ 325j cubic feet. 

In this case the sides are regularly sloped, so that the 
middle section can be obtained by calculation. If the 
slope of the sides is not re-ular, the dimensions of the 
middle section must be determined by actual measurement. 

The mean depth must be obtained by taking several 
equidistant depths, and ascertaining the average. 

If the top and bottom of the pit are not rectangular, 
their areas, as also the area of the middle section, would 
have to be ascertained by the rules of mensuration relating 
to the particular figure presented by them. 

Case II.—The rule for the contents of an irregular solid, 
qiioted in the chapter on Mensui’ation, will apply, viz. ;— 
Divide the figure into any even number of parallel and 
equidistant sections, and find the area of each section. Add 
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together the first area, the last area, twice the sum of all 
the other odd areas, and four times the sum of all the other 
even areas, multiply the sum by one-third of the length 
between each section. 

ExAim;[)le, Five equidistant sections of a solid are taken, 
the common distance being 10 feet, the areas of these 
sections in square feet are 37, 52, 69, 87, and 107 respec¬ 
tively for the volume of the solid. 

Volume = [(37 + 107) + 2 (69) + 4 (52 + 87)] x 3J cub. ft. 

279? cub. ft. 

103-4 cub. yds. 

Contents of Material Heaped on Surface. 

The reader will be able to ascertain the contents of 
clay, or marl, or other materials heaped on the surface, by 
applying the ordinary rules of mensuration. 

It will often be found that dimensions may be taken so 
as to get an average horizontal section and average depth 
by “giving and taking.’' In such cas^s the more laborious 
calculations are dispensed with. 

Contents of Hallway Cuttings, &c. 

In making the estimates for a projected railway, the 
contents of the several cuttings, embankments, &c., are in 
most cases found by Uibles calculated for the purpose, the 
surface of the ground being considered as on the same level 
as the centre of the line. But when the projectors of the 
line have been empowered to construct it, cross-sections of 
the cuttings are carefully taken at every variation of the 
surface of the ground, especially if the surface be side- 
lying, or inclined laterally with respect to the direction of 
the line. The distance of these cross-sections may vary 
from 10 or 12 chains to less than 1 chain, according to the 
regularity or irregularity of the slopes of the surface. These 
cross-sections must next be plotted on a large scale, and 
their areas found by the ordinary rules of mensuration, 
preparatory to finding the contents of the cuttings by tables; 
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but if the surface lines of any of the cross-sections be level, 
or so nearly so as to be readily rcduceablu to a level surface 
line, their areas need not be found, their depth only being 
required for finding the contents by the tables. 

For this pur[)Ose various tables have been published, such 
as Buck's “ Handy General Earthwork Tables " (London : 
Crosby Lockwood & Son), and the tables given in Moles- 
worths “Pocket-Book of Engineering Formulae’ (London : 
E. F. N. Spon). 

Two sets of tables are mainly used, (1) in which the 
height or depth of the embankment or cutting, respectively, 
is given in feet, the length in Gunter’s chains of GG feet, and 
the contents in cube yards ; (2) in wliich all the mea,sure- 
ments are in feet, the length being in chains of 100 feet. 
It will be seen that this table is applicable to any measure 
when the length, height (or depth), and concents are of the 
same unit. 

In addition to these tables, supplementary tables are 
given in some works, showing the contents on sidelong 
ground where a horizontal equating line is not di'awn to 
give the height, but the areas are taken out from cross- 
sections. 

The utmost accuracy must be observed in the measure¬ 
ments of height (or depth), and the calculation of the content 
therefrom, as an ap})roximate height, varying say G inches 
from the true height, produces a very serious error if the 
length in question is considerable. The contents are, 

therefore, better calcu¬ 
lated with measure¬ 
ments of height of every 
3 inches. The contents 
are given in two columns 
in the tables—(1) for the 
central part, which is the 
frustrum of a wedge 1 

chain long, and (2) for both slopes, which are frustrums of 
pyramids, as in the illustration. 

For further elucidation of this subject, the student may 
be referred to Buck^s “Tables.” 
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Contents of Stacks. 

The reader is referred to the Tables of Measure, page 
14, for hay and straw measure. The weight of hay varies 
as its density, which can be estimated coriectly only after 
some experience. Stacks vary in weight from 8 stones 
to 16 stones per cubic yard. The weiglit of a stack can be 
estimated suthciently accurately by cutting out a jwrtion 
extending to the centre of tlie stack from the top to the 
bottom, weighing it and measuring the space it formerly 
occupied, and applying these data to the total number of 
yards contained. 

Stacks are generally made in one or other of the several 
ways set out below. 

Case I.—To measure a stack straight from bottom^ to eaves 
and with circular base 

Ruj.f:.—Scpiare the average circumference, multiply by 
*08, and multi}>ly the product of these 
dimensions by the perpendicular height 
to the eaves. This gives the content 
to the eaves. 

For the conical top, square the cir¬ 
cumference at tlie eaves, multiply by 
*08, and b}' one-third of the perpen¬ 
dicular height from the top to the 
eaves. 

Case measure a staxdc hedged from top to bottom 
and with circular base. 

In this case Simpson's rule (see page 19) must be used, 
by finding the area of an odd number 
of circular sections (circumference^ 
X -08), taken at equal perpendicular —. 
distances from the bottom. / \ 

Multiply the area of the base of the j . . A 
top part remaining, after the last section .. J 
is taken, by one-third the perpendicular y ..1 
height from this point to the top of V. 
the stack. \ / 
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Case III_To measure a stack mth redangular base and 
perpendicular ends. 

Multiply the length by the average width (between 
bottom and eaves), and the 
product bv the height :om 
the ground to the eaves. 
For the top multiply the 
area at the eaves by half the 
height from this point to 
the top of the stack. 

Case IV.—To measure a stack with rectangular base, pis- 
moidal body, arid perpendicuh/r etuis. 

For the content of the body apply the prismoidal formula, 
see page 19. This is here reproduced for convenience. 
Add the area at the bottom to th(3 area at the eaves. Add 
four times the area of a section parallel and midway bet ween 
them, multiply the sum by the height to the eaves and 
divide by six. This gives the cubic content of the body. 
For the cubic content of the top, multiply the area at the 
eaves by one-half of the perpendicular height, from the 
eaves to the top of the stack. 

Case V.—To measure a stack with rectangular hase^ pris 
moidal body, and sloped ends. 

The cubic content of the body is found as in Case IV. To 
find the content of the top with the sloped ends, take twice 

the length at the eaves, and add the length at the top; mul¬ 
tiply this sum by the breadth at the eaves, and again by the 
perpendicular height from the eaves to the top, and one- 
sixth of the product will be the content of the top. 
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Measnrement of Timber. 

The Table of Timber or Wood Measure is set out on 
page 15. 

Timber less than 26 inches in circumference (or girt) is 
generally sold at an inferior price to timber exceeding that 
girt. The girt is taken with a piece of whip-cord, which, 
when divided into four, gives the quarter-girt, the dimen¬ 
sion of which is measured with an ordinary two-foot rule. 
The girt must be taken in the middle of a tree, if it taper 
correctly; if not, several girts must be taken, from which 
the average gilt can be ascertained. 

Rule —Take the quarter-girt in inches, deduct 1 inch for 
bark for every foot of girt, and square the result. This 
gives tlie mean sectional area. Multiply this by the length 
of the tree in feet, and divide by 144 ; the quotient gives 
the content in cubic feet. 

The timber under 26 inches girt is sold as a cord of wood 
which is 8 feet x 4 feet x 4 feet high =128 cubic feet. 

Weights of Materials. 

For convenience of calculation a few weights per cubic 
foot of materials are set out below :— 

1 cubic foot clay = 119 lbs. 
1 „ eartb = 77 to 125 lbs. 
1 ,, sand = 100 to 117 lbs 
1 „ 6 to 1 cement concrete = 130 lbs. 
1 „ brickwork in lime mortar = 112 lbs. 
1 ,, „ cement mortar =115 lbs. 

1 „ gravel = 100 to 110 lbs. 



CHAPTER XIV. 

MISCELLANEOUS CALCULATIONS AND 

EXAMPLES. 

I. To find the ami of a trapezium, when its four sides are 
given, two of its opposite angles being together 180^. 

Let a, h, c, and d be the four sides, and 6* — half their 

sum; then, A — \/ (s — a) \s — b) (.-? — (;) (s — d). 

II, To find the area of a trapezium when its two diagonals 
and the angles of their intersection are given. 

Let D and A be the two diagonals, and a the angle of 
their intersection; then 

, Da sine a 

III, ABC is a triangle, in which the base A B and a jmnt 
1) therein are given, 1) C is a ipmlity lim, making a given angle 
ivith A B; it is required to determine C D so that the triangle 
ABC may contain land of a given value,. 

Put A D = a, D B = 6, C D = a:, Z = square links in 
an acre, sine / D = cr, the values of the land adjacent 
to a and b respectively, m and n per acre, and V the given 
value; then the areas of the triangles A C D, BCD are 

. , a ax . b or X , a or mx . 
respectively and -yj- and their values are — 

hanx , aa nix . ban X 
^ ^ whence"* ty ^ V^, and 

whence the position of the point C becomes known. 
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Cor. When C D is perpendicular to A B, or = 1, whence 
the above formula becomes 

X = 
2Yl 

a m+ bn 

IV. In making an extensive 
lines A B, B C, C D, D A were 
measured, and the distance C P 
noted; but the distance A P 
was accidentally omitted. It is 
required to lay down the lines 
iiKlependently of this distance; 
and give a solution when A D 
=:DP. 

Put ABrn a,BC= h, CF=z 
A P = then PB 

CD. 

survey, the fundamental 

c, P D = r/, D A =: e, and 
a—x'j and by trigononiotry cos. ZA PD 

cos. z B P C = 
2 d X 

(a —.r)“ + r“-/r 
whence 

2 c (ti -:r) 
ji(c-^2d)d(d-~r r) ac{d'^—(r)__ ^ 

c-^d c+d c-\-d ’ 

a cubic equation from which the value of x may be found, 
which determines the distance A P. 

When AD = DP, that is, when the above 
equation becomes 

^ a{c-2d)^ ^ 
6* 4- (Z c + d 0, 

a quadratic equation, from which the value of a- = A P may 
be readily found. 

Investigation of formulm,—As the formulse for dividing 
land, at pages 169 170, B and C, Case XII., are given 
without investigation, the processes of deducing them are 
here given. 

(1) By referring to the definition of the symbols, and to 
the diagram at page 168, B, it will be seen that the right- 
angled triangles W S 5, W U W F 6, are similar, therefore, 

ax ^ 
s : X :: a : — = 8 5, 

s 

hence 
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the area in acres ofWSs = i^WS'S5=: 
X 

2 77’ 

—of S 5 M U = J (S s + U m) S U 

-of U M i F = i (U M + F i) U JI 

Then these areas, being multiplied by their respective 
values per acre, and their sum equated to the required value 
V', give 

fr m X (2 + 5) w j. , (2 a + 2 h + (‘)cox _ y, 

*y7r 27/ 271 ’ 
21 sY' 

whence x — ^2^f^ _^^2a-^b)bn+(2a-^2h+c)co ~~ ^ 

Cor. I. If there be only two qualities of land to be thus 
laid out, c must be made to vanish in the above formula, 
whence it becomes 

X 
_2 I s Y'_ 

0^771 + {2 a ^ b)bn 
Fb. 

CoK. 11. If there be four different qualities of land, let 
the breadth of the additional quality be 7, and its value p; 
then the formula becomes 

^ ....^ _ =r^ 
m + {2 a-^-d) b n + {2 ai-2 b-i-c) c 0 + {2 a+ 2 bi-2c + d) dp 

the law of extension being sufficiently clear. 

(2) By referring to the diagram at page 170 C, Case XII., 
and to the symbols on the same and following page, it will 
be readily perceived, that by drawing a perpendicular from 
a on N B (which is not shown in the diagram), that 
aqz=:a—2 :r«, whence the area in acres of the trapezoid 

Fi a qp = i (N p+a q) pq= in a similar way 

f /•_X 

the area of B 6 r is found = ^^ - the area of the rect- 

b X 
angle pqsr being obviously = -y• By multiplying these 
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three areas by their respective values, and putting their 
sum equal to the required value V', their results 

(a — a x)mx (c — Bx) ox A- hnx , 
-^-—--- V'; whence 

(a 7/1 -i- /3 o) x? — (am q- bn -\-c o) x I V'=0; and, by 
solving this quadratic for the reciprocal of there results 

2 / V' 
X ....- ..-- --- pq or r 8 ; 

am bn + CO y/ {a m + 6 /r + c — 4 (a m + f:i o) I V' 

Note.—The method of adapting this formula to a greater 
or less number of qualities of land is sufficiently clear, from 
the different modifications of the preceding formula in Cor. 
1. and II. 

V. The side of an equilateral triangle is = a, and its area 
= A ; prove that 

A = ia^ 

VI. The base of an isosceles triangle is = a, one of its 
equal sides = 6, and its area A ; prove that 

A=l a V (2 /> + //) {2l — a), 

VII. In a triangle are given the perpendicular =: the 
angles opposite the perpendicular =i a, and /3, and conse¬ 
quently the third angle — y; prove that 

^ sine y 

2 sine a sine J3 

VTII, A BCD is a trapezium, in which the angles at A 
and C are equal, and A B = a., B C = //, C D = r, D A = c?, 
the half sum of all the sides = s, and the area = A; then 
prove that 

* _ad c-- 
^ ~ hi. - b c V sis-a-c) (s-b-c) (s-c-d). 

IX. n a trapezium A B C D, are given two opposite 
sides, A B m a, C D = the angles at A, B, and C, respec¬ 
tively = a, /3, and y, and consequently the fourth angle D 
= 5; then prove that 

sine a sine ^ — 6* sine y sine 8 

2 sine (a -f* J3) 
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X. Ill a trapezium A B C D, are given the three sides 
C B a, B A = A D = c, and the angles at A and B 
respectively =1: a and /!>'; thou prove that 

A — I a sine (3 + h c sine a — a c sine « + /3) | 

XI. In a pleasure ground A B C D, known to he rectan¬ 
gular, only the following dimensions could he taken, on 
account of ohstructions from buildings, shrublieries, and 
ponds, viz., the distance A E to the point wheie the per¬ 
pendicular B E falls on the diagonal A C, and the prolon¬ 
gation E F of B E till it meet the side CD; it is required 
to find the area of the pleasure ground, when A E — 32, 
and E F = 4 chains. Ans. 64 acres. 

XII. A large building is known to be of a square form, 
but no one of its sides could be measured on account of 
obstructions from other buildings ; however, from a point 
P three .streets diverge directly to its three neai’est angles 
A, B, and C. Now P A = 60, P B = 40, and P C = 70 
yards; required the side of the building. 

XIII. Within a rectangular garden, the length of which 
is 4 and its breadth 3 chains, there is a piece of water in 
the form of a trajiezium, the opposite angles of which are 
in a direct line with those of the garden, the distances of 
these opposite angles, taken in succession, are 20, 25, 40, 
and 45 yards; required the area of the water. 

Ans. 960 square yards. 

XIV. Given the three perpendiculars of a triangle, from 
the angular points to their opposite sides, 10, 11, and 12 
chains, to find the area of the triangle. 

Ans. 7a. Or. 4^^. 

XV. Three objects, A, B, C, are observed at a point D, 
exterior to them ; the distances of the objects are known to 
be as follows, AB = 8, BC = 12, and AC = miles; 
the angles ADC, ABD are respectively 25^^ and 19^; 
required the distances AD, B D, and C D. 

XVI. A gentleman intends to make an elliptical garden 
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the principal axes of which are to be as 3 to 1, and the 
fence of which is to inclii le three trees, one at the ciul or 
the transverse axis, the second 0 poles from it, and the 
third the same distance fioni the second, the three trees 
forming a riglit angle at the second ; required the axes and 
area of the garden. 

Ans. Major axis 16*7613 pohis^ laiiior axis 5*5871 poleSy 
area, 73*55 sq. 2>oles. 

XVII. In an elliptical eirclosureof one acre the principal 
axes arc as 5 to 4; i*e(piired the length of a choixl, wliicli, 
fastened to the end of the longer axis, will allow a horse to 
graze half an acre. 

A)is. 48*45473 yards. 

XVIII. Given the diagonals and two opposite sides of a 
trapezitim to construct it, when tlie area is a maximum or 
a niinimiim. 

XIX In a trapezium A B D (j are given all the sides, A B 
=: ('z, B 1) =: />, D (J c, C A = c/, :nid the diagonal B (J 
rz to hud the diagonal A D, without consiructing the 
figure. 

Ans, AD y/^ ^ X 

(f -p <3^ — 

gk — \/ 4 --/r X \/ 4 -^ 

in which g = - ji — 
a e 0 e 

XX. There are given the four sides of a trapezium, and 
a line joining given points in two of its opposite sides, from 
which it is requii’ed to construct the figure. 

XXI. The fi ve sides a, h, c, d, and e of an irregular field 
are given, in which the angles between a and d, b and r, c 
and are equal but not ^ven; from these data it is re¬ 
quired to lay down the field. 

XXII. A gentleman has an elliptical garden, the prin¬ 
cipal axes of which are 50 and 40 yards, enclosed by a 
brick wall 13 feet high. He onlered his gardener to place 
his seat at equal distances from the centre, one of the foci 
and the boundary of the garde* and around the seat to 
make a gravel walk of equal breadth taking up aV of the 

P 
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area of the garden, and to be of such a nature, that, while 
the gentleman is seated, and the gardener moving along the 
middle of the walk, the gentleman’s eye, ttie gardener’s 
utmost height, and the top of the wall, may be in the same 
straight line; the height of the gentleman’s eye(when seated), 
and that of the gardener, being 4 and 6 feet respectively. 
Reqniied the position of the seat, and the nature and 
breadth of tiie walk. 

Ans. 21ie efiNAil disfa/nces of the seat from the centre^ focus^ 
and curve ~ 10’7812 yards; the undk is elliptical its 
axes hciiia arod 91 yards, its breadth 2.} yards, and the 
position of the vmlk ivith respect to the seat being the same 
as the fence of the garden. 

XXIII. In a triangle A B C, A B = B C = C A — 
and from D, a given point in A B, the distance D B = ri, 
I) E aline meeting BC and divnling the triangle, so that 
AABC;ABDE :: m ; v ; then prove that 

p*_ ahn 
d m 

But if it be found from the calculation that B E is greater 
than B C, and that the divisional lino will meet A C in some 
point F ; then if the triangle ABC: the figure B D F C 
: : m : 7i, prove that 

^ jp_a c (^m — 7i) 

in [a — d) 

XXIV. A B C D is a given trapezium, and T a given point 
in A D, from which a line T E is drawn to meet B C in E, 
so that trapezium A B C D : trapezium D C E T : : m \ n. 
Now,since the trapezium ABCD is given, if the sides AD, 
B C be prolonged till they meet in Z, the point Z will also 
be given; therefore, put AZ=:(^, BZ=:/>, DZ = r, CZ = 
d, and T Z = / ; then prove that 

E Z = ^ ^ ~ ^ I sA 
~ mf f 

XXV. It is required to divide a given trapezium into 
four equal parts, by two straight lines perpendicular to one 
another. 
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XXVI. The widths of a laterally sloping railway cutting 
from the centre of the line are expressed generally by the 
following formula: 

bs 
^ —-r 

± ^ 

the positive sign being used for the width measure down 
the slope, and the negative one for that up the slope, in 
which formula h ~ ^ wiath of the cutting, assuming its 
surface to be level, h ~ difference of level readings at the 
distances 5 and I on the slope and level, and r the ratio of 
the slopes. See figure page 147. 

Let a and h be the depth of Sb railway cutting to 
the intersection of the slopes, I z=. length of the cutting, 
w =: i bottom width, all in feet, and r ratio of the 
slopes, the surface of the cutting being assumed to be hori¬ 
zontal, then prove that the content of the cutting in cubic 
yards is 

XXVII. When a and b are the depths of a horizontal 
cutting to the formation level, and the other dimensions 
the same as in the last Example, then prove that the content 
of the cutting in cubic yards is 

XXVIII. Let A and B be the areas of the cross sections 
of a cutting to the intersection cf the slopes, d the area of 
the end of the prism below the formation level, and I the 
length of the cutting, then prove that the content in cubit 
yards is 

(A + B+ ,/AB-3<;) 

XXIX. Let the dimensions l>e as in Example XXVI; then 
prove that the error in defect of the method of finding the 
content of a cutting by using the mean depths is 

Ir 
324 

(a^b) 
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XXX. Let the dimensions be as in Example XXVTII; 
then prove that tlie error in excess of the imithod of finding 
the content of a, cutting; using mean areas is 

When plotting a triangulation survey a point of origin is 
chosen right out of the survey, to the S.W., so that every 
point in the survey is situated to the N. and E. of it. The 
position of each station is then worked out into rectangular 
co-ordinates and stated thus :— 

N. E. 
A - 4967' 2835' Given LA - 48“ 12' 

„ AC- 62“ 47' 
0 - 4831' 6382' ,, AB - 69“ 1' 

180“ 00' 

aZ_\ C The position of the point B is required. 
From the given co-ordinates C is 136' S. of A and 2547' 

E. of A. 
Then log 2547 - 3-4060289 

log 136 - 2-1335389 

1 -2724900 
Log tan 86-66 - 11-2710411 

14489 
60 

Diff. 23712)869340(36"' 

Bearing AC = S.E. 86® 56' 36", AB = N.E. 44° 51' 24"; 

BC= N.W. 24° 9' 36". 

From above log AC = 3-40(>6472 
Log sin 62“ 47' « 9-9490402 

Again — 
Log sin 48“ 12' — 

3-4066472 
9-8724337 

13 3556874 
Log sin 69“ 1' - 9-9702002 Log sin 69® 1' « 

13-2790809 
9-9702002 

Log AB - 3-3864872 
Log cos 44° 61' 24' - 9-8505687 

Log BC -= 
Log cos 24“ 9' 36" — 

3-3088807 
9-9601882 

Log N. 1722-09 - 1.3-2360559 Log N. 1858-1 = 13-2690689 

3-3854872 
Log sin 44“ 61' 24" - 9-8483958 Log sin 24“ 9' 36" - 

3*3088807 
9-6120270 

Log E. 1713-49 - 13-2338830 Log W. 833-60 - 12-9209077 

3-4060289 
Log sin 86“ 66' 36" « 9-9993817 

3-4066472 

Whence AC « 2550-63 ft. 
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N. E. N. E. 
A = 4967 2835 0 « 4831 5382 

172209 1713-49 1858 1 833-50 

B = 6689j09 4548*49 B =» 6689;1 

The position of B is thus fixed from two points, and the 
calculations check each other. 



CHAPTER XV. 

PUBLICATIONS OF THE ORDNANCE SURVEY, 

Historical Sketch.—The Ordnance Survey Department 
of Great Britain and Ireland publish for the use of the 
public a series of maps of the entire Kingdom, drawn to 
various scales, as set out in tabular form on the next page. 
These are known as Ordnance Maps. The name Ordnance 
Survey was derived from the fact that, up till 1855, the 
survey was conducted by the Honourable Board of Ord¬ 
nance, which is now abolished. The survey is now under 
the conti'ol of a Director-General, responsible to the Board 
of Agriculture. 

The survey ap[)ears to have originated for military pur¬ 
poses in 1747, after the crushing of the 1745 Rebellion, and 
was first commenced in the Highlands of Scotland, the 
heart of the insurrectionary movement. It was ultimately 
extended to the whole of Scotland, excluding the Islands. 

Owing to the inferiority of the instruments used, the 
results first obtained presented in reality more a magnificent 
military sketch than an accurate plan.* 

In 1787 a base line was measured on Hounslow Heath, 
near London, and the triangulation of France connected 
with that commenced in Great Britain. Another base line, 
5i miles long, was also measured the same j ear on Romney 
Marsh, in Kent, for a base of verification ; and in the sum¬ 
mer of 1794 another base of verification, 7 miles long, on 
Salisbury Plain, was also measured. On the last-mentioned 
base, the main triangulation of the United Kingdom rests. 
The triangulation of the accurate Survey of Scotland was 
commenced in 1809, and that of Ireland in 1825. 

The Ordnance Survey of the Kingdom is now complete 

* See ‘‘The Ordnance Survey of the United Kingdom,” by Colonel 
T. P. White, R.E. 
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and the maps are revised and brought up to date at 
intervals. 

The extreme accuracy of the survey may be judged 
from the fact that, when the base of Salisbury Plain 
was computed from the Irish base, 350 miles distant, 
through a long intervening chain of triangles, the com- 
j)uted base differed from the measured length by less than 
5 inches. 

The Ordnance Maps of Great Britain are published at 
Southampton, and those of Ireland in Dublin. 

The following is a list of the principal Maps published :— 

Natural 
Scales. 

Inches to 
One Statute 

Mile. 

statute 
Miles to 

One Inch. 

Chains to 
One Inch. Remarks. 

75 il) 126 720 0-0079 o-fi.'ii ) 
7r2?r 120* 0 0083 0-6 > Town Maps. 

GO- 0-016 1-3 
•isVj 25-344 0-0395 3-156 Cadastral or Parish 

Maps of the United 
Kingdom. 

6- 0-iG 13-3 
i 

County Mnps of the 
United Kingdom. 

1- 1- 80- General Map of the 
United Kingdom. 

The General Map, on the scale of 1 inch to a statute 
mile, is useful for military purposes, or for reading the 
character of a large district. In it are shown the roads, 
railways, towns, villages, &c. It is published as follows :— 

(1) For England and Wales in two sets of maps— 
{a) The maps of the original survey on a scale of 

1 inch to a mile. The maps are uncoloured, 
and the hills engraved. 

(h) The new l-inch General maps, reduced from the 
6-inch maps. These maps can be had either 
coloured or uncoloured, and with or without 
hill shading. The contour lines, or lines of 
equal elevation, are marked. 

♦ The London agent is Mr. E. Stanford, Long Aore, London, W.C. 
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(2) For Scotland, the maps of the original survey. They 
have the contour lines marked, and can be had. 
coloured or uncoloured, and with or without hill 
shading. 

(3) For Ireland. These maps are reduced from the 
6-inch scale, and can be had coloured or uncoloured. 
Generally speaking, they are issued without contours. 

The Connty Maps, on the scale of 6 inches to 1 statute 
mile, are of i»reat assistance for estate or engineering pur- 
[)oscs, the information on the 1-inch maps being amplified. 
The ma})S for the United Kingdom are published unculoured, 
and, with rare exceptions, without hill shading. The con¬ 
tours are marked, and also the position and relative altitude 
of the Ordnance bench marks. 

The Parish Maps, on tlie scale of 25*344 inches to 
the statute mile, or 2 7,Vo 208*33 feet to 1 inch), attain to 
an almost inconceivable ideal. One square inch on the 
paper represents as nearly as possible one acre on the 
ground. All the matter of the 6-inch maps is reproduced, 
with tlie exception of the contour lines, whi L is rendered 
unnecessary by levels indicated on the highways shown on 
the maps at frequent intervals. Every parcel of land is 
numbered, and its area computed. 

In maps published since 1884 the area is given beneath 
the number on the map. In maps published previous to 
that date the area is given in area books published with the 
maps. The maps can be had either coloured or uncoloured. 

Maps of the whole of England and Wales are published 
on this scale, with the excef>tion of moorlands and 
uncultivated portions. Similarly, parish maps of the 
greater part of Scotland, and of some parts of Ireland, are 
also published. 

Parish Indexes are published with these maps, and 
give very useful information. They show the position 
practically of every farm in a parish, and give also the 
boundaries and names of every parish represented on the 
index. 

The Town Maps.—As will be seen from the Table on 
last page, these maps (for the United Kingdom) are drawn 
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to three scales—viz., 126*720 inches to 1 statute mile, or 
120 inches to 1 statute mile or rln-; and 5 feet to the 

mile, or ToVe- new surveys of maps are now plotted to 
the scale of -g-J s, as the si o is more convenient, and maps 
of few towns only can be had on this scale (viz. rin)- 

Maps of some towns can be had on botli scales of 5 feet 
and 126*720 inches to the miL, respectively, but the latter 
has in recent years been substituted for the former 5-feet 
map. The maps can be had coloured or nncoloured. 

The importance of the 7i ,M> map can be seen from the fact 
that frequent levels and bench marks are given, and that 
it represents a plan on the scale of 41 *6 feet to an inch, 
which is ample for a building plan, so that dr ains, pipes, and 
other details can be marked thereon with the greatest 
nicety. 

Town Indexes are published with these maps, showing 
the sheets into which each town is divided. 

Engraving, &c.—The 1-inch ma| s ai’e engraved on 
copper, the remainder are produced by photo zincography, 
the re(luccd photographic negative of the plan being trans¬ 
ferred by a carbon print to a zinc plate from which the map 
is to be printed. 

Official Catalogue. —The Director-General of the 
Ordnance Survey publishes a Catalogue* of the Ordnance 
Maps with the price of each and their various scales. 

Levels on the Ordnance Maps.—The levels on the 
Ordnance Maps are referred to a datum known as Ordnance 
datum, which is explained in ti. - Chapter on Levelling in 
this work, page 117. 

Publications of the Geological Survey.—In addition 
to the Maps, &c., of the Ordnance Survey mentioned above, 
Maps* and Memoirs of the Geolodcal Survey are issued 
under the superintendence of the Director-General of the 
Geological Survey of the United Kingdom. 

* Obtainable of Mr. E. Stanford, Long Acre, London, W.O. 



APPENDIX. 

EXAMINATION PAPERS, 

By permission of the Secretary and Council of the Insti¬ 
tution of Surveyors, the Royal Agricultural Society of 
England, and the Incorporated Association of Municipal 
and County Engineers respectively, the following papers, 
set at recent examinations of those authorities, are repro¬ 
duced as a guide to students. 



1. EXAMINATION PAPERS OF THE INSTITUTION 

OF SURVEYORS, 1897. 

LEVELLING (FIELD WOBE). 

Directions. 

Take section over course marked out. Chain a line set 
out over rough ground, giving intermediate distances. Take 
angles -with the tlieodolite. 

STXltVEYING AND LEVELLING. 

Tinm allcnved—Three hours. 

Note.—All Candidates are nquired to attempt questions Nos. 1, 2 and 3. 
Candidatts other than Building Candidates uitl receive full marks for any 
10 questions correctly amwered. Building Candidates will receive full 
marks for any 8 questions correctly answered. Candidates omitting to 
leave figures by which results are arrived at, will risk a loss of marks in 
case of a wrong answer being given through accident. Questions 1, 2, 3, 
6, 7 and 9 carry higher marks than the remainder. 

1. On the plan given, draw in pencil the lines it would 
be necessary to run, to enable you to make a complete 
survey with the chain only. 

2. Compute the areas of the enclosures in the corner of 
the plan above mentioned, giving the results in acres, roods, 
and perches; one of these enclosures must be computed by 
means of the ordinary plotting scale, and the other in any 
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way the Candidate may elect. (Enclosure No. 1, if well 
done and a correct answer arrived at by the ordinary plotting 
scale, will carry full marks). 

3. From the field notes given, lay down the survey lines 
and plot a plan to a scale of 2 chains to an inch. 

4. Required to set out a circular space for a Reservoir 
to contain 1 acre, 1 rood, and 20 
perches ; give the radius in links. 

5. Divide the triangle ABC 
into three equal poi tions by lines 
parallel to the side A B. A B = 
2,500 links ; A C ==: 2,100 ; and 
B 0 = 1,800. Give the area of 
A B C, and the distances A a, a 6, 
and b c. 

6. The points A and B are only both visible from one 
point C. Lines C D 1,260 links and CE = 1,040 links 
were run, and the following angles 
were taken, viz. :— 

A D C = 67^ 30', A C D = 
45^ O', A 0 B = 70° 20', 
B C E = 39° 10' and 
BEC = 81° 50'. Find 
the length A B in links 

7. Plot the above figure to a scale of 1 chain to an 
inch, and give the distance A B as it measures upon your 
plan. 

8. A traverse round a wood is as follows :— 
A to B =: 290 links, bearing 255° 5' A . . B 
B to C = 1,000 „ „ 194° 10' 
CtoD=: 680 „ „ 77° 12' D. .C 

give the calculated distance D to A. 

9. Protract and plot the above to a scale of 1 chain to 
an inch. 

10. Convert 17 acres, 1 rood, and 20 perches (statute 
measure) into square yards. 

11. How would you determine the latitude of any posi¬ 
tion (on land), and what instrument would you require ? 

C 
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12. Illustrate and describe in what way you would pro¬ 
duce a survey line obstructed by a large tree or building. 

13. If a plan is plotted to a scale of 3 chains to an inch, 
what proportion does the area of the plan bear to the 
ground ? 

Afternoon Paper. Time allowed—Two hours aind a half. 

Note,—All Candidates are required to attempt questions Nos. 1 and 2. 
Candidates other Hi an Building Vanitxduies u iU receive full marks for any 
9 questions correctly answeied. Buildi g Candidates will receive full 
marks for any 7 questions correctly answered. Candidates omitiiny to 
leave figures by which results are arrived at will risk a loss of maths in 
case of a wrong answei' being given through accident. Questions 1, 2, 8, 9, 
and 11 carry higher marks than the others. 

1. Make up the level book on the back of this sheet. 

2. Plot the following section to a horizontal scale of 2 
chains to an inch, and to a vertical scale of 20 feet to an 
inch: — 

ooooooooooooooooo 
pppipp<^opp(^ippocpic. po 

<X) oo 

PJi 
OOOlOrH|>.COOOOOlCr-(<X>l'-lOO> 

COCOCCC^C-ICOCMO^CMCMCMCOCOCOCOCOC^ 

3. In setting out the centre line for a new road or a 
railway, illustrate and describe in what way you would 
proceed to connect two pieces of straight by a curve of 
say, 10 chains radius. 

4. Before commencing to take a series of levels briefly 
describe how you would ascertain if vour level was in 
adjustment. 
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5. The point A being inaccessible and at a considerable 
altitude above the surrounding country, illustrate and 
describe in what way you would ascertain its height above 
the point B (the nearest convenient point of observation), 
using a theodolite for the purpose. 

6. Give the rates of inclination between 
the given points of level taken upon a line 
chained along the invert of a watercourse. 

7. What is the rate per chain (in feet and decimals) of a 

Distance. 
Chains. 

Height. 
Feet. 

0-00 41-00 
2 40 42-16 
3'00 1 42-50 
6-30 44-20 
8-00 45-70 

gradient rising 1 in 250 ? 

8. Give the levels of points B, C, and D on a continuous 
section, the level of point A being 25 feet, and the horizontal 
distances and angles as follows :— 

A to B, 12 chains ; angle of elevation, 3® 20' 
B to 0, 9 ,, „ depression, 4® 25' 
C to D, 15 „ „ elevation, 2^ 15' 

9. The telescope of a theodolite set 4*25 feet above the 
point A having a level value of 25 feet, is directed towards 
the bottom of a staff at B, and shows an angle of elevation 
of 10*^ 4'; it is then directed to 10 feet on the staff, when 
it shows an angle of elevation of 10° 35'. Kequired the 
horizontal distance A to B in feet, and also the level of 
point B. 

10. Illustrate by diagram the difference between ‘‘true” 
and “apparent” level, and give a rule for determining 
same. 

11. Construct a triangle ABC, having its sides A B = 3 
inches, B C = 2J inches, and A C = 1^ inches. Suppose 
the points A, B, and C to be trigonometrical stations of a 
survey, and that from a point D of a traverse A bears 120°, 
B 150°, and C 165°, find the point D by construction. 

12. Explain and illustrate by diagram how you would 
obtain the distance to an inaccessible point, using only chain 
and poles. 



EXAMINATION PAPERS. 223 

Level Book for Question No. 1. 

Back 
Sight. 

Inter¬ 
mediate 

Fore 
Sight. 

Rise. Fall Reduced 
Levels, 

Dis¬ 
tal.ce. Remarks. 

Feet. Chains. 
G-60 45-80 0 

4-00 1-00 
ry 70 2-00 

•SO 12-20 8-00 
6-90 4-00 

11-20 5-09 
•24 13-12 6 00 

4-80 7-00 
8-30 8-00 

MO 
6-70 j 

13-75 9-00 
10-00 

5-70 11-00 
8-10 12-00 

2-90 i 15‘()5 13-00 / 1st- side of 
7-10 ! 1 14-00 i 1 Pond water 

10-GO 14-30 ( level 
11-70 I 15-00 
10-80 10-00 j 2nd side of 

7-10 10-40 ! Pond water 
13*75 

11-10 
G-85 j 17 < 0 

18-00 
( level. 

8 00 1 19-00 
2-30 1 

j •85 
20-00 
21-00 

i 

Note.—A candidate before Resenting Jdntself for exainimition 
is required to do certain preliminary ivork in Surveying and 
Levelling^ particnlars of which can he obtained from the 
Secretary of the iTistituiim. 

MEKSUBATION. 

Twie allotced—Two hours. 

1. How many rods of brickwork are there in a circular 
pier 4 feet in diameter and 20 feet in height ? 

2. A circular water-tank is 12 feet internal diameter, 
and is 10 feet deep. A drawing of it was made to a scale 
of J-inch to a foot. Someone carelessly scaled it with a 
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scale of f inch to a foot. What error would be made in 
calculating the number of gallons contained in the tank 
when full ? 

3. A road rises with a gradient of 1 in 75 from its com¬ 
mencement to a point distant I J miles (on a horizontal 
datum). It then falls with a gradient of 1 in 100 to its 
termination at a further distance of 140 chains (on a hori¬ 
zontal datum). What is the difference of level between the 
beginning and the end of the road ? 

4. The air in a room 30 feet x 25 feet x 10 feet has to 
be changed three times in an hour by air conveyed through 
a pipe 6 inches in diameter. At what velocity must the air 
move in the pipe to do tiiis t 

5. A shower of rain is registered to give If inches. 
How many gallons would have fallen on a field containing 
100 acres ? 

6. What is the sectional area of a cutting with slopes as 
shown in the sketch, and how many cube yards are there 
in a chain of this cutting 1 

7. A railway bank is half a mile in length, and is 20 feet 
above the ground at one end, and 30 feet'above the ground 
at the other. The slopes are 2 to 1 throughout. How many 
acres of ground does it cover ? 
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n. EXAMINATION PAPER 

OF THE 

ROYAL AGRICULTURAL SOCIETY OE ENGLAND. 

MENSTJItATION AITB LAITD SUBVEYINO. 

Maximum Numbep of Marks, 200. Pass Numbf.e, 100. 

Time allowed—Three hours, 

N.B.—T}ie amwers are to be uritten upon one side only of the sheets 
supplied. The Candidate is required to write his uninher upon each sheet 
at the riyht-hand top corner ; to see that the sheets are paged consecutively 
at the top-centre of each nheet; and to fasten the sheets together at the 
left-hand top corner, care beiua taken not to cover up the numbers of the 
questions. 

The name of the Candidate is not to he written upon any of the sheets. 

Number of Candidate._ , 

1. On the plan given on page 3 of this paper, draw in 
pencil the chain lines you would run to enable you to make 
and plot a complete survey without the aid of angular 
instruments. 

Note.— The Candidate must not spend more than twenty 
minutes over this question. 

2. Compute the area of the enclosure marked I on the 
plan given on page 3 of this paper, using the ordinary 
plotting scale, and giving the result in acres, roods, and 
perches. 

Q 
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3. Make up the level book on page 2, filling in the rises, 
falls, and reduced levels (heights above base). 

4. In the triangle A B 0, the length of the side A B is 
1,000 links, the angle ABC — 40° 30', the angle C A B = 
70° 25'. Give the length of the sides AC and CB. 

C 

5. Calculate the number of cubic yards of earthwork in 
a railway cutting 4 chains in length, the ends and centre 
being of the sections shown below [see opposite page], and 
side slopes 1| to 1. 

6. Describe the pocket sextant, and the metliod of ad¬ 
justing it. 

7. What are the scales used in the published maps of 
the Ordnance Survey of England ? 

8. What course would be followed by the line of sight 
of a theodolite placed at Greenwich, and having its tele¬ 
scope directed at right angles to the meridian, the line of 
sight being indefinitely produced ? 

What course would be followed by a line laid out fronv 
the same starting point and in the same original direction, 
and continued indefinitely from station to station by similar 
compass bearings 1 
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IIL EXAMINATIONS OF THE INCORPORATED 

ASSOCIATION OF MUNICIPAL AND 

COUNTY ENGINEERS. 

LAND SUBVETINa AND LEVELLING. 

1. Show chain lines necessary for surveying j)lot below; 
also give form of field book showing the imaginary readings 
when making the survey. 

(Sketch of an irregular polygon was given.) 

2. Explain and give .sketch how to ascertain the width 
of a river by using the chain only ui)0u one sitle of the 
river. 

3. Give at least twenty levels along a line having four 
changes of the instrument, and enter the imaginary levels 
in a sketch page of a level book. 
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Transit Theodolite Adjustments.—The purpose of this 
note is to describe as simply as possible, but at the same 
time completely, a practical way in which the adjustments 
under consideration can be tested and made. It may be 
mentioned that various methods are advocated from time 
to time, but, generally speaking, they are singularly inade¬ 
quate and unsatisfactory from the point of view of the 
serious student. In making the selection of methods which 
follows, the writer has been guided chiefly by his own 
practical experience and by the following considerations: 

(a) Convenience, or, in other words, such that can be 
used under almost any circumstances; 

(b) Simplicity, accuracy, and completeness. 
The adjustments are dealt with in the order that is best 
adoj)ted when actually performing the operations. The 
instrument having been set up firmly on solid ground, the 
adjustment of the bubble on the horizontal plate is examined 
first. Nearly all modern instruments are of the three-screw 
pattern. In such a case, place the level parallel to two of 
these screws and bring the bubble to the centre. It will 
generally be most convenient to next turn the instrument 
through 90° so that the bubble is parallel to the line 
through the remaining screw and the centre of the instru¬ 
ment, Bring the bubble to centre with this screw only, 
and then turn the instrument back into its original position. 
It may be necessary to slightly adjust the bubble again to 
centre. Having done this turn the instrument through an 
angle of 180°. The bubble should again settle in the 
centre of ita run, but if it does not, and being satisfied that 
this is not through inaccurate levelling on the operator’s 
part, with the foot screws, the level should be adjusted by 
the lock nuts which secure it in position. When making 
this adjustment, bring the bubble halfway back to centre 
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by the foot screws, and then centre it exactly with the lock 
nuts. The operation may require two or three repetitions, 
but when properly performed the bubble will remain in 
the centre of its run with the telescope pointing in any 
direction, and with the lock nuts tightened up. If there 
is a second small bubble, either on the plate or near the base 
of the standards which carry the telescope, this should now 
be in the centre of its run. If it is not, make it so by the 
lock nuts only, and adjust it until this also remains in the 
centre through a complete revolution of the instrument. 

The main bubble may now be examined. If this is 
carried on the vernier arm to the vertical circle, it should 
now be in the centre of its run. If it is not, revolve the 
instrument gently through a complete circle, and see if the 
bubble remains in the same position in its tube. If it does, 
it shows that although the bubble is out of adjustment, the 
vertical axis of the instrument is truly vertical. In any 
case, bring the bubble to centre by means of the clipping 
screws H, H' in the figures on pages 61 and 63. Turn the 
instrument through 180° and the bubble will remain 
centred, when the axis is truly vertical. If the bubble 
moves slightly, bring it halfway back to the centre with 
the levelling screws and the other half by the clipping 
screws. Repeat until this bubble remains centred through 
a complete revolution. The smaller bubbles previously 
considered may now be compared with the more sensitive 
bubble, and in the event of their requiring any slight 
re-adjustment, it should be made with the lock nuts only. 

When there is no bubble on the vernier arm, the main 
level is carried on the telescope. If this is the case, set 
the verniers to read zero on the vertical circle, with minute 
accuracy. Proceed then exactly as if it were on the vernier 
arm. Many theodolites have a similar bubble on both 
vernier arm and on the telescope. In such, the bubble on 
the vernier arm having been set as described previously, 
that on the telescope should also come to the centre when 
the verniers to the vertical circle are set to zero. If it does 
not, leave it for the moment. So far we have no knowledge 
as to whether the bubble on the vernier arm or that on the 
telescope is incorrect. The next test is that of collimation. 
The line of collimation is that line of sight which passes 
exactly through the optical axis of the instrument. The 
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lines of sight given by the stadia lines in a telescope are 
not lines of collimation, and if the intersection of the webs 
in a transit theodolite is not situated exactly in the optical 
axis, it is not in the line of collimation. The mechanical 
axis of the telescope should be coincident with the optical 
axis. If it is not, so long as the two axes are parallel it 
does not matter to us, as they will be so near each other 
when the instrument is by a good maker that we cannot 
detect any error caused thereby. In a transit theodolite 
the line of collimation must be considered, both in azimuth 
and in altitude. 

Take the former first. To test this, select any clearly 
defined object on to which the webs can be accurately 
sighted. Clamp the instrument on to this object, both 
with the axis clamp and that to the vernier plate. Transit 
the telescope, i.e. unclamp the vertical circle and revolve 
the telescope in its bearings until it points in the opposite 
direction. An assistant now places a mark, such as a 
ranging rod, at a considerable distance, or if more con¬ 
venient, a fine pencil line on paper pinned to a drawing 
board, if nearer at hand. This mark must be vertical, 
and the assistant is directed until his mark is exactly cut 
by the webs. If the collimation in azimuth is correct, 
the distant mark, the centre of the instrument, and the 
assistant’s mark will all lie in one straight line. To test 
if this is so, unclamp the main axis, turn the instrument 
through 180°, sight on to the back station again, and 
re-clarap the instrument. Transit the telescope as before, 
and sight towards the assistant’s mark. If the webs are 
properly adjusted, their point of intersection will again 
come on to that mark, although the telescope is inverted 
to what it was before. If it does not, let the assistant 
make another mark in the new line of sight, without dis¬ 
turbing that previously made. The assistant than measures 
the distance between his marks and sets a third at exactly 
a quarter of that distance from the last mark made. The 
diaphragm is then moved by the horizontal pair of colli¬ 
mating screws until its point of intersection is on the third 
mark. A few repetitions of the above may be necessary 
before the adjustment is made perfect. 

To test the collimation adjustment in altitude any con¬ 
venient back station may again be taken, but it should be 
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such that a mark can be made in front which can be observed 
without disturbing the telescope in altitude. As an instance 
assume the ground is level. If no natural object is avail¬ 
able, have a ranging rod fixed for the back station. The 
instrument being properly levelled, the telescope is directed 
to the back mark and another mark fixed in front by 
traiisitting the tel<‘scope as before. Next, turn the 
telescope on to the back station and adjust the horizontal 
web, by means of the clamp and tangent to the vertical 
circle, exactly on to, say, one of the coloiir divisions of the 
tafi or some other easily identified mark. Unclamp the 
bwer axis and revolve the instrument through 180° until 
the webs cut the vertical mark fixed in front. A levelling 
staff can now be held alongside this mark, if at a distance, 
or a drawing office scale fixed, if near. The reading of the 
horizontal web is then taken. The telescope is now tran- 
sitted and adjusted with the horizontal web again on the 
mark at the back station. Unclamp the axis and again 
turn the instrument through 180°, clamping it with the 
intersection on the vertical mark. The horizontal web 
should now give the same reading on the staff or scale as 
before. If it does not, take the difference of the two 
readings, and set the webs to read quarter of this difference 
from the last reading taken, using the vertical pair of 
collimating screws for the purpose. As it may be necessary 
to slacken off one of the horizontal collimating screws to 
enable this to be done, the value of having the vertical 
reference mark will be seen, as it can be observed, after all 
the collimating screws have been tightened up, whether 
the adjustment in azimuth is still correct. Previous 
remarks as to repetition apply here also. 

The foregoing adjustments having been skilfully made, 
the intersection of the webs will come on to the same 
marks, both in azimuth and in altitude, whether the tele¬ 
scope is in its normal position or inverted. The above 
methods have been chosen as they are applicable either 
to the ordinary telescope or to the internal focussing variety. 

When the webs are being adjusted, care should be taken 
to see that the horizontal web is horizontal. This may be 
tested by slowly revolving the instrument so that the web 
traverses some mark right across the field of view, in the 
telescope, and, if necessary, tapping the collimating screws 
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with some light object, one up and the other down, as the 
holes are slightly slotted for this purpose. This, of course, 
should be done during one of the repetitions. Care should 
also be taken that all the collimating screws are properly 
tightened up, when the adjustments to collimation have 
been perfected. 

We now revert to the main bubble or bubbles. Select 
a stretch of level ground on which a distance of, say, five 
chains can be measured. At the extremities of this line 
have pegs driven in, and set the instrument exactly midway 
between the pegs. Level the instrument up, set the verniers 
on the vertical circle to read zero, and read the levelling 
staff when held perfectly upright, on both pegs. Assuming 
for the moment that we are using the main level on the 
vernier arm, or the one on the telescope if there is not a 
level on each, the difference of reading on the two pegs 
will indicate their true difference of level, provided the 
bubble is exactly centred for both back and fore sights, 
owing to the instrument being the same distance away 
from each. Say the staff reads 4 feet on one peg and 3 feet 
on the other, the 4 feet peg is then 1 foot lower than the 
other. We now take the theodolite to whichever peg the 
staff is at, and set it up so that the eyepiece is within half 
an inch of the staff after the instrument has been levelled 
up. Say we are at the lower of the two pegs. We now 
look through the object glass at the staff and a small round 
circle is visible through the eyepiece. The point of a pencil 
can be placed very easily in the centre of the small field 
of view and the staff reading of the pencil point taken. 
Say this reads 3-67 feet. Our peg is 1 foot lower than the 
far one, so that if the staff is removed to the latter, it should 
read 2*67 to be level with the instrument. If it does not, 
we bring the webs to this reading by the clipping screws 
H, H'. The line of collimation is now level, and our main 
bubble must be adjusted if necessary so that it is exactly 
centred, whether it is on the vernier arm or on the telescope. 
If on both, one may be found correct, but if not, both must 
be adjusted. The bubbles must be adjusted in this instance 
with their lock nuts only, as the staff reading must be 
maintained. 

The foregoing operations having been properly performed, 
we should know that when our vertical axis has been set 
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truly vertical, all our bubbles will assume the centre position 
of their run when the line of collimation is horizontal, and 
that the vertical circle will read zero, thus eliminating any 
so-called index error. If the verniers to the vertical circle 
have been carelessly set during the bubble adjustments, 
an index error may exist, but it would be entirely our own 
fault. 

Lastly, the adjustment of the transit axis may be ex¬ 
amined. Carefully level the instrument and select some 
definite point at a consideralde elevation that can be ac¬ 
curately sighted with the intersection of the webs. The 
point chosen need not be very high if near, but the telescope 
should describe a considerable vertical arc during the test. 
After sighting the mark, the telescope is tilted so that a 
mark can bo fixed on the ground exactly under the elevated 
point so far as our lino of sight is concerned. The instru¬ 
ment is then turned through 180° and the elevated point 
again sighted after the tdescof)e has been transitted. 
The latter is dipped again, and if the horizontal axis is 
truly level the webs will come again on to the mark on the 
ground. If they do not, bring them half way on to it by 
the adjustment on one of the standards carrying the transit 
axis. Repeat the operation until the webs will intersect a 
mark on the ground in both positions of the telescope. 
The latter adjiustment is very necessary if the theodolite is 
to be used for plumbing high structures such as chimney 
stacks, also in ordinary surveying operations when the 
angle is required between two points which differ greatly in 
elevation. 
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Adjustment of the Dumpy Level.—The method 
described in the text when testing the collimation adjust¬ 
ment is that usually adopted by the engineer when a level 
requires adjusting, excepting that the distances between 
the pegs should be greater. Instead of 100 feet from the 
centre peg, the distances should be at least 200, and prefer¬ 
ably 300 feet. We will assume the latter figure is taken. 
The stretch of ground chosen must be approximately level, 
but it is not usual to trouble about driving the pegs abso¬ 
lutely level with each other. If the ground permits, this 
of course can be done when preferred. It is more conven¬ 
ient if the bubble is adjusted so that it comes to centre 
when the vertical axis is truly vertical and remains there 
during a complete revolution of the instrument. Assuming 
that the instrument has been set and carefully levelled over 
the centre peg and that the readings on the staff are at 
A, 3-92 feet, and at C, 4-63 feet, the peg at C will obviously 
be *71 feet lower than that at A. When the instrument is 
taken to the position D (p. 105), we will assume that the 
reading on A is 4-27 feet, and that on C is -35. The line of 
sight is, therefore, dipping; since C is -71 feet lower than A 
the reading should be 4-27 *71 = 4-98. Subtracting the 
actual reading from this, viz. 4*98 — *35 — 4-G3, the amount 
of dip in our line of sight in a distance of 600 feet. The 
reading on A will also be lower than the true level line. 
The correct reading is obtained by simple proportion, thus— 
As 600 : 20 : : 4*63 ; x. Whence the error is -154 in 20 feet. 

A level line from the instrument will, therefore, read 4-424 
feet on the staff at A and 5-134 at C. If the level has an 
internal focussing t(*lescope, the horizontal web can be 
brought on to the latter reading by adjusting the diaphragm 
to it. On completion, we have the line of sight level and 
the bubble in the centre of its run. The bubble will also 
reverse, that is, remain centred during a revolution of the 
telescope, according to our former premise. Such an instru¬ 
ment would then be in adjustment for all practical purposes. 
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If the telescope is one of the ordinary pattern in which 
the diaphragm moves relatively to the object glass during 
the operation of focussing, after the web has been set to 
read 5* 134 feet at C, the staff must be brought back to A. 
We know that the staff should read 4-424 at this point. 
If it does, the instrument is in adju8tmen\ We will assume 
however, that it reads 4-444. This would show that the 
line of sight is not in the line of collimation and that the 
act of withdrawing the webs from the object glass in focus¬ 
sing down to the near distance causes the web to move in a 
direction which is not parallel to the optical axis. The error 
we have assumed as due to this cause is *02 feet. This is 
multiplied by 2 and added to the last reading, apparently in¬ 
creasing the error. Adding *04 to 4*444 “ 4-4^4. We now 
adjust the diaj)hragm by its collimating sen^ws to read this 
figure. The staff is again taken to C and the diaphragm is 
brought to the reading 5*134 by adjusting the telescope 
blocks by tlie screws at either end of the limb at L (p. 101). 
This will throw the bubble out of centre and it must, there¬ 
fore, be adjusted so that it comes to centre when the webs 
intersect the 5*134 on the distant staff. The operation 
having been properly performed, the instrument will read 
4*424 on the near staff, but the whole operation may require 
repeating before the adjustment is perfect. The instru¬ 
ment will then have been collimated and adjusted. It m ly 
be mentioned that in the case of an old instrument, slack 
in the draw tubes may cause the eye end to sag when 
withdrawn. If this occurs, the instrument is worn out 
and worse than useless, unless tlie makers can refit the tubes. 
The writer begs to say that he is indebted to Messrs. C ooke, 
Troughton & Simms, Ltd., for the valuable method of 
collimating a dumpy level in the manner described. In 
connection with this point it may be added that in the case 
we assumed our error was in excess of the true reading. 
Had it been the other way, i.e. say the reading on the 
near peg had been 4*404, the error would still be *02. In 
this case, however, after doubling the error, we should 
subtract it and set the webs to read 4*364, thus again 
apparently increasing the error. 

We have one further type of dumpy level to consider, 
such as Stanley’s engineer’s level, illustrated herewith, 
in which the telescope and vertical axis is formed out of 
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one casting. Such an instrument could be collimated in 
the manner described if it required it. To bring the 
collimated web on to the reading of the stall at C we should 
have to tilt the telescope by the foot screws. The bubble 
could then be adjusted to centre. Such an instrument 
could be used to give accurate results by bringing the bubble 
to centre for each sight, but the bubble would not reverse, 
and could not be made to do so except by the maker. It 
would be somewhat inconvenient to use an instrument 
thus defective. Unless such an instrument has met with 
an accident at some time, it will be found to be in collima- 
tion when the web has been set to read the level line in the 

Stanley's Engineer’s Level with Quick Acting Joint, 

first instance, and the lack of an adjustment to the hori¬ 
zontal limb is not really a drawback. The instrument has 
to be made properly in the first instance, and the writer 
considers it an advantage to have removed the possibility 
of a somewhat awkward adjustment being tampered with. 

Messrs. Cooke, Trough ton, & Simms’ new level is a fine 
example of the most modern typo. In these instruments a 
perfectly accurate vertical axis is no longer the basis on which 
all results depend. In the case of the instrument illustrated, 
the levelling screws are rather quick in their action and a 
circular level is provided for use in conjunction with them. 
When a sight is being taken, the longitudinal level at the 
side of the telescope is brought exactly to centre by means 
of the large screw under the eye end of the telescope. The 
image of this bubble is reflected in an inclined mirror, and 
can be observed from the eye end of the telescope. This 
bubble is lar more sensitive than most of those fixed on 
the older type of instrument, such refinement being ren¬ 
dered possible by the improved method of manipulating 
the instrument when in use 
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The Plane Table.—This instrument consists essentially 
of a drawing board mounted on a tripod in such a manner 
that it can be placed in a horizontal position and clamped. 

Cooke’s Engineer’s Level. 

An alidade is used in conjunction with the plane table. 
This consists of a ruler provided either with sights at each 
end or a telescope in the better-class instruments. In 
any case, the line of sight passes over the fiducial edge 
of the ruler. The table may be set up level by means of a 
loose level supplied with it, such levels sometimes being 
attached to a compass which can be placed against the 
edge of the alidade to obtain the bearings of the lines. 
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The stations on the plan can be plumbed over the actual 
stations by means of a counterpoise and bent arm which 
supports the plumb bob underneath the table. 

By the courtesy of Messrs. Stanley, Ltd., a high-class 
instrument of their manufacture is illustrated herewith. 
The method of using is very simple. The instrument is 
set up and levelled over the first survey station. The 
paper is stretched on the board and a puncture mark made 
with a pricker to represent the station with the aid of the 
plummet. The telescope is then directed to station No. 2, 
the line 1 to 2 being the base on which the survey is to be 
made. When the edge of the alidade passes through the 
puncture representing station No. 1 and the webs intersect 

station No. 2 a line is drawn on the paper from 1 towards 2. 
This line must be measured, or its distance known by other 
means. The length of this is scaled off with the appropriate 
scale to which the plan is required. While the board is 
fixed in this position lines are drawn with the alidade 
towards all the points wliich require fixing from this station, 
such lines all radiating from the puncture mark. 

The table is then removed to station No. 2 and set up 
as before in such a way that after the station has been 
plumbed, the telescope of the alidade comes to station No, 1, 
when its fiducial edge is against the base line on the plan. 
This being so, radiating lines are again drawn from this 
station to the various points which require fixing, this 
being done by these lines intersecting the corresponding 
ones from station No. 1. Confusion piust, of course, be 
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avoided, and the number or description of the station to 
which each line runs can be written in pencil alongside 
the line. With the alidade shown in the illustration dis- 
tances can be measured with the stadia to points which 
cannot be fixed by intersection. With the plane table a 
good deal of detail can be picked up, but the offsetting of 
fence lines, etc., is performed in the usual manner from 

chain lines run from the various stations fixed by the plane 
table. The latter correspond, therefore, in a way, to the 

trig stixtions fixed by the theodolite in a triangulation. 
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CRE, local measureH of, 14 

Acreage, computation of, 

witli Gunter’s chain, 24 

Ac.ute angle, 1 

Acute-angled triangle, 2 

Aneroid barometer, 130 

Angle, definition of. 1; measure 

of, 3 ; to divide, 7 

Angles, measuring by theodolite, 

83 ; with magnetic needle, 83, 

85 : repeating, 85 

Angular measurtiment, instru- 

moiits for, 53 

Apparent level, 09 

Arc of circle, definition of, 3; to 

find length of, 18 

Area of ellipne, 19; triangle, 10, 

81 ; square, 16; rectangde. 10; 

parallelogram, 16 ; trapezium, 

16; trapezoid, 17; regular 

polygon, 17 ; irregular polygon, 

18 ; circle, 18 ; sector of circle, 

18 ; segment of circle, 18, 19 ; 

ineasui ed by wrong scale, cor¬ 

rection for, 197 

Areas and lengths, 16—19, 191 

Arrows, 24 

Association of Municipal and 

County Engineers, examina¬ 

tion paper of, 228 

“jZ>A(JK sights, 115 

Barometer, 100, 130 

Base of verification, 83 

Base line, 36 ; to «-xt('nd wliere 

possible througboiit survey, 36 

prolonged and verifi^^d, 05 

Battens, width of, 15 

Beam compasses, 176 

Bearings by prismatic compass, 

5)5 ; by box sextant, 58 

Bench niHrks, 113, 118 

Boning rods, 106 

Boundaries, 40 

Box sextant, 56; adjustment of, 

58 

Building, symbol of, on plan, 27 ; 

estate, scale for, 182 ; how 

surveyed, 28 

CALCULATIONS and ex- 

amples, 204 

Chain surveying, 23—52; general 

observations, 40 

Chain, of links, 23 ; of 100 feet, 

24 ; Gunter’s chain and 100- 

feet chain compared, 24 ; test¬ 

ing and comparing with stan¬ 

dard measurement, 26; adjust¬ 

ment of length of, 26 ; method 

R 
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of reading, 23, 30 ; method of 

folding up, 30 

Chaining, method of, 29 

Check line, 37 

Cheshire a< re, 14 

Chord, definition of, 3; of circle, 

to finfi length of, 18 

Circle, definition of, 3 ; circum¬ 

scribing polygon, 17 ; inscril)ed 

in polygon, 17; length of cir¬ 

cumference of, 18; length of 

arc of, 18 ; length of chord of, 

18 ; area of, 18 ; sector of, 18; 

segment of, 18 ; to find centre 

of, 10 

Circumference, definition of, 3 ; 

divided into degrees and 

minutes. 3 ; of (urcle, to find 

length of, 18; of ellipse, 19 

Clinometer, 31 

Collimation, line of, Gf>, 105 ; 

method of reducing levels, 125 

Colours, 180 

Compass, variation of, 53 

Compound levelling, 112 

Computing scale, 192, 195 

Cone, 4 

Contouring, 127 

Contour lines, 127 

Contour plan of part of Liver¬ 

pool, 128 

Copying drawings, 189; glass, 

190 

Com measure, 14 

County maps of Ordnance Survey, 

215 

Court of law, measurements to be 

tested f< »r, 26 

Cross-sections, 126 

Cross-staff, 53 

Croston, levels for sewerage of, 

121, 126 

Cube, 5 

Cubical contents, 197; of pits, 

198; of material heaped on 

surface, 199 ; of railway cut¬ 

tings, 199; of stacks, 200 ; of 

timber. 203 

Curb-stones, symbol of, on plan, 

91 

Curvature and refraction, table 

of allowances for. 111 

Curvature, 108; in ordinary 

operation, 112 

Curves, setting out, 137—146 

Cutting, 8yml>ol of, 27 

Cylinder, 4 ; solidity of, 19 

TAATITM, 117 

Datura line, 117 

Dc'ds, width of, 15 

Decagon, to find a»ea of, 17 

Diagonal, defiTiitiou of, 2 

Diameter, definidon of, 3 

Diaphragm of theodolite, 66 ; of 

level, 102 

Directrix, definition of, 5 

Discharge of water in pipes and 

open channels, 15 

Distances measured by wrong 

scale, correction for, 182 

Distant points determined by 

theodolite, 94 

Ditch, symbol of, on plan, 27; cus¬ 

tom try allowance for, 40 

Dividing hind, 156—174 

Drawing instruments, 175; paper, 

180 

Drawing to scale, 180 

Dry or corn measure, 14 

Dumpy level, 100, 101 ; im¬ 

proved, 103; tribrach system 

of, 103 ; adjustment of, 104 

Duodecagon, to find area of, 17 

XpIDOGRAPH, 188 

Ellipse, definition of, 6; 
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area of, 19 ; to construct, 10; 

length of circumferHiice of, 19 

Embankment, symbol of, on plan, 

27 

Engineering plans, scale for, 182 

Enlarging plans, 185 

Equator, 98 

Equilateral triangle, definition 

of, 2 

Euclid, theorems in, 6, 6 ; 1.7, 

35 ; problems in, 7 

Examination papers, 217 

Examples and calculations, 204 

Excavation, measurement of, 198 

TpENCE, symbol of, on plan, 27 

Field book de8cril)ed, 28; 

of two kinds, 28 ; directions for 

entering measurements in, 28 

Fields having more than four 

shies, surs’^ey of, 44 

Filling-in lines, 37, 83 

Flags, 25 

Flooring, square of, 15 

Flow of water in pipes and open 

channels, 15 

Flying levels, 112 

Focus of ellipse, definition of, 6 

Follower, duties of, 29 

Footpath, symbol of, on plan, 27 

Foresights 116 

Foui’-sided fields, survey of, 42 

French curves, 17b 

French measures, values of, 15 

^ ATE. symbol of, on plan, 27 

General map of Ordnance 

Survey, 214 

Geological Survey, 216 

Geometry, 1—12 

Give-and-take lines, 193 

Gradient, 184 

Grange estate, survey of, 61 

Gravatt’s level, 100 

Gravity, specific, 20 ; estimate of 

weight from, 20 

Ground, inspection of, before 

survey, 39 

Gunter’s chain, description of, 

23 ; method of reading, 23 

compared with 100-feet chain, 

24 

pr AY and straw measure, 14 

Hecture, area of, 15 

Heights and distances inacces¬ 

sible, determination of, 74 

Heliography, 190 

Heptagon, definition of, 3; to 

find area of, 17 

Hexagon, definition of, 3; to 

construct, 11, to find area of, 

17 

Highway, symbol of, on plan, 27 

Hydraulic memoranda, 16 

Hypsometer, 100, 131 

T MPROVED dumpy level. 103 ; 

tribrach system of, 103 ; ad¬ 

justment of, 104 ; subtense 

webs in, 102 

Inaccessible heights and dis¬ 

tances, 74 

Inclination of gradient, 186 

Ink for plans, 179 

Inspection of ground before sur¬ 

vey, 39 

Institution of Surveyors, exami¬ 

nation papers of, 219 

Instruments for angular measure 

ment, 63; drawing, 176 
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Irish acre, 14 

Irregular solid, solidity of, 20 

Isosceles triangle, definition of, 2 

J^ILOMETEE, length of, lo 

T ANCASHIRE ac.c, 14 ; 

allowance for ditch in, 40 

Latitude and longitude, 97 

Laying out and dividing land, 

163; in form of rectangle, 163; 

in form of triangle, 154; in 

form of trapezium, 164; in 

form of rhomboid, 166; various 

other cases, 150—174 

Leader, duties of, 29 

Lefroy’s rule of altitude, 131 

Legendre’s theorem, 73 

Lengths, areas, and solid con¬ 

tents, 16—20 

Length of side of polygon, to 

find, 17; of circumference of 

circle, 18 ; of any arc, 18; of 

circumference of ellipse, 19 

Level, true, 99 ; apparent, 99 ; 

book, 116, 118, 121, 126, 152; 

on Ordnance Map, 216 ; re¬ 

ducing, 123 ; foresights and 

backsights in, 116 

Levelling, 99 , instruments, 99 ; 

principle of, 99 ; with plumb- 

rule, 99, 100 ; recording re¬ 

sults of, 112 ; precautions in, 

113; along a section line, 119 

Line, definition of, 1; of collima- 

tion, 66 ; of collimation, adjust¬ 

ment of, 66, 106 

Linear measure, table of, 13 

Lines, parallel, definition of, 1 

Liverpool, contour plan of part 

of, 128 

Local measures, 13, 14 

Lodsworth, parish of, triangula- 

lion for, 39 

Logarithms and trigonometry, 

70 

Logarithms, 70 ; multiplication 

by, 71 ; division by, 71 ; in¬ 

volution by, 71 , evolution by, 

72 

Longitude, 97 

jyfAGNE'nC needle, survey 

with, 90; plotting survey 

made with, 183 

Maps of Ordiiaiuie Survey, 214 

MaUuial ou suidaoo, content of, 

199 

Mab rials, weights of, 203 

Measure, linear, 13; superficial, 

14 ; solid, 14 ; hay and straw, 

14; dry or corn, 14; timber, 

15 

Measurements may be either 

linear or angular, 22 ; must be 

checked, 22 

Measurement of line, impeded by 

object not obstructing the sight, 

33 ; impeded by object ob¬ 

structing the sight, 34 ; of 

width of river too wide to be 

measured across by chain, 34 

Measures, uniformity in, required 

by law, 13 

Mechanics’ level, 100; levelling 

with, 105 

Mensuration, 13—20 ; examina¬ 

tion papers in, 223, 225 

Mercurial barometer, 130 

Meridian, 97 

Metre, length of, 16 

ONAGON, to find area of, 17 
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QBLIQUE ANGLED triangle, 

BO Inti' II of, 77 

OhtuHO angle, definition of, 2 

Obtuse-angled triangle, debnition 

of, 2 

Oetagon, definition of, 3 , to con¬ 

struct, 12 ; to find area of, 

17 

Offset staff, 25 ; may be replaced 

by ordinary ranging-rod, 26 

Offsets, 37; area from equidis¬ 

tant, 19; how entered in field 

book, 28 ; for town Borvey. 

ing, 29 ; limit of, for ordnance 

Burv^ey, 37 ; for setting-out 

curves, table of, 144 

Optical square, 54 

Ordinates, (^ftsets from equidia 

tant, 19 

Ordnance Survey, limit, of offsets 

on, 37 ; method of d^tennining 

latitude. 98 ; bench marks, 113, 

117 ; ymblicationH of, 213; base 

line of, 213 ; maps of, 2U 

'pARALLAX, 65; adjustment 

^ for, 65, 104 

Parallelogram, definition of, 2; 

to find area of, 16 

Parish map of Ordnance Survey, 

215 

Parliamentary plans, (lunter’s 

chain preferable for, 24; of 

railways, 137 

Pegs at stations, 40 

Pencils, 180 

Pentagon, definition of, 3; to 

construct, 11 ; to fimd area of, 

172 

Pentagraph, 186 

Perpendicular, to erect, 7, 8; with 

the chain, 32 ; etting out with 

cross-staff, 54; with optical 

! square, 64 ; with box sextant, 

59 

Photography, 190 

Pipes, discharge from, 15 ; velo- 

j city in, 15 ; pressure in, 15 

i Plan, definition of, 21 ; of tri- 

I angular fields, 41; of four-sided 

I fields, 42 ; of fields having more 

i than four sides, 41; of Grange 

estate, 62 , of part of Liverpool, 

128; of railways, 137; plot¬ 

ting, 175, 182, 183 ; inking in, 

183; a horizontal representa¬ 

tion, 31 ; enlarging and reduc¬ 

ing, 185 ; colouring, 183 ; 

printing on, 183 ; copying, 189 

Plane table, 69, 238 

Planks, width of, 15 

Plantation, symbol of, on plan, 

27 

Plates : plan of Grange estate, 

faeinp p. 52 ; copy of field book 

relaiing to ditto, facing p. 62 ; 

contour plan of part of Liver¬ 

pool, facing p. 128 

Plotting plans and sections, 176, 

182, 183 

Plumb rule, 99, 100 

Point, definition of, 1 

! Pole star, 98 

I Poles, 26 

! Polygon, definition of, 3 ; regu¬ 

lar, definition of, 3; irregular, 

3 ; regular, to find area of, 17 ; 

circumscribing circle of, 17 ; 

insciibed circle in, 17; to find 

length of side of, 17 ; irregular, 

to find area of, 18 

Polygons, regular, table of, 17 

Pressure in pipes, 16 

Pricking off plans, 190 

Printing on plans, 183 

Prism, definition of, 4; ioHditj 

of, 19 

Priamatic oompaas, 64 
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Prismoid, definition of, 4; solidity 

of, 19 

Private road, symbol of, on plan, 

27 

Problems, 7—12 

Prolonging a base, 95 

Proportional compasses, 186 

Protractor, 177 

Pyramid, definition of, 4 

Quadrant, definition of, 3 
Qua«irdateral figure, defini¬ 

tion of, 2 

Quicks of fence, 40 

"OADIUS, definition of, 3 

Rail fence, symbol of, on 

plan, 27 

Railway, symbol of, on plan, 27 

Railwny oroHs-sections. setting- 

out, 125 ; surveying. 132 ; plans 

and sections, 137; setting out 

surface widths of, 146—151; 

quantity of land required for, 

151 ; level book for, 152 ; 

curves, 175; cuttings, content 

of, 199 

Rainfall, inch of, estimate in gal¬ 

lons per acre i 6 

Rectangle, definition of, 2; to 

find area of, 16 ; to construct, 

9 ; to lay out land in form of, 

153 

Rectangular bodies, solidity of, 19 

Reducing plans, 186 

Refra(}tion, 108; in ordinary 

operations, 112 

Refraction and curvature, table 

of allowances for, 111 

Repeating angles with the theo¬ 

dolite, 85 

Rhomboid, definition of, 2 ; to 

lay out land in the form of, 155 

Rhombus, definition of, 2 

Right angle, definition of, 1 

Right-angled triangle, definition 

of, 2 ; solution of, 76 

River, symbol of, on plan, 27 

Roads and rivers, survey of, 89 

Royal Observatory, 98 

Royal Agricultural Society of 

England, examination paper 

of, 225 

v^CALE, drawing to, 180 

Scales, 181 

Sea level, 117 

Section, 117; undulations of the 

ground, shown by, 31 ; of rail¬ 

way, 137, plotting, 175, 183 

Sector of cinde, definition of, 3; 

to find area of, 18 

Segment, definition of, 3; of 

circle, to find area of, 18 ; from 

• equidistant ordinates, 19 

Semicurcle, definition of, 3 

Setting-out, 35: curves, 137—145; 

surface widths of railways, 146, 

151 

Simpson’s rule, 19 

Sines and cosines, 72 

Sketching in field book, 28 

Slope of ground, represents hypo¬ 

tenuse of right-angled triangle, 

31; measured by clinometer, 

31 ; by stepping, 31 ; by 

approximate allowance, 31 ; 

table of reduction for, 32 

Sloping ground, measurement of, 

31 

Solid contents, measurement of, 

19, 20 

Solid, definition of, 4 

Solid measure, table of, 14 

Solidity of rectangular bodies, 
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19; of cylinders and prisms, 

19; of prixsmoida, 19; of 

irregular solids, 20; of sphere, 

20 

Solution of triangles, 75, 212; 

ambiguous case in, 78 

Sopwith staff, 107 

Southing of sun, 98 

Spocdfio gravity, 20 ; estimating 

weight from, 20 

Sphere, dt huition of, 4 ; solidity 

of, 20 

Spherical excess, 72 

Square, definition of, 2 ; to con¬ 

struct, 8 ; to mak(! e(|ual to a 

given rectangle, 9 ; of flooring, 

IT) ; to find area of, 10 

Squares for enlarging and re¬ 

ducing, 18S 

S(juaro links reduc'.ed to acres, 

191 

Stacks, contents of, 201 

Staff-holdor, llo 

Standard meaHurement, (‘hams 

and tapes to be compared with, 

20 
Stations, positions for, 40 

Straight line, to divider, 7 ; to draw 

parallel to a given straight 

line, 7 

Subtense webs in level, 102 

Sun printing, 190 

Superficial measure, 14 

Superficies, definition of, 4 

Surface, definitiou of, 1 ; wddth 

of railways, setting-out, 140— 

151 

Surveying, general principles of, 

21 ; operations in, 21 ; defini¬ 

tion of, 21; with ediaiu, 2<f 52; 

by theodolitt^ 82 

Survey lines, liG : to l)e sketched 

on Ordnance map, or rough 

sketch made, 39 ; ranged by 

field glass, 39; to be numbered, 

40 

Surveys, simple, 41 ; of triangular 

field, 41 ; of four-sided field, 

42 ; i)i fields having more than 

four sides, 44; of woods, lakes, 

and swamps, 49; of woods, 

lakes, and swamps by theodo¬ 

lite, 86 ; of i-niall estate, 48, t)f 

Orange estate, 51 ; of town, 

90 ; with lungnetic needhi, 90 ; 

of railways, 132 ; of railways 

wheie obstruerions occur, 133 ; 

for Parliament, 137 

Surveyor’s level, 100 

Symbols used in surveying, 27 

^I^APLES, of linear measure, 

13 ; of liay and stra w mea* 

sure, 14 ; dry or (^om measure, 

14 ; Hiiperficial measure, 14 ; 

timber and wood measure, 1’); 

of regular polygons, 17: of 

solid measure, 14 ; of reduction 

for inclination of slope, 32 ; of 

allowances for curvature and 

refrnction, 111; of oflsets lor 

setting out curves, 144; of 

weights of materials, 203 

Tap(3, of steel, 25 ; of linen, 25 

Telescope of theodolite, 04 

Theodolite, 60; adjustment of, 

65; surve}ing with, 82; survey, 

proof of accuracy of, 87 ; survey 

of ri»ads and rivisrs, 89 ; a level¬ 

ling instrument, 99; levelling 

by, 129 

Theorems, 5—6 

Tie lines, 37, 42 

Timber, measurement of, 15, 203 

Town, surveying, 90 ; maps of 

Ordnance Survey of, 215 
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1 racing, 189; cloths and papers, 

180 

Transfer paper, 190 

Trapezium, definition of, 2; to 

find area of, 1G ; to lay out land 

in form of, 154 

Trapezoid, definition of, 3; to 

constriH'i,, 9 ; to find area of, 17 

Trave^rse surveys, 51, 82 

Traversing, 82 

Triangle, definition of, 2 ; right- 

angled, 2 ; obtuse-angled, 2 ; 

acute-angled, 2 ; equilateral, 2; 

isosceles, 2; to (3oustruct, 8 ; / 

to make equal to a trapezium, 

9 ; sides of, are proportional to ■ 
sines of opposite angles. 75; 

solution of, 75; to lay out land 

in form of, 154; to divide land 

from, 156; to make equal to a 

given figure, 9 ; to find area of, 

16 

Triangles in survey, to be well 

conditioned, 36, 82 

Triangular fields, survey of, 41 

Triangiilation, theory of, 35 ; 

82, 96 

Trigonometrical ratios, 73: al¬ 

gebraical signs of, 7 4 f(.)rmula3, 

74 

Trigonometry, 72 

JNDECAGON, to find area of, 

Unit of measurement to b« 

standard yard, 13 

"^ARIATION of the compass^ 

Velocity in pipes and open chan¬ 

nels, 15 

Verifying a base, 95 

Vernier plate of theodolite, 62 ; 

scale, 68 

Versed sine of arc, 18 

jL, symbol of, on plan, 

Water, cubic- foot of, estimate in 

galbuiH. 15 ; gallon of, estimate 

in grains troy, 15 

Water level, 99, 100 

Weight, estimation of, from 

specific gravity, 20 

Weights of materials, 203 

W(‘ight8 and measures, report on, 

26 

Wood or timber measures, 15 

Wool belling, y)arish of, chain 

survey for, 38 

"Y"ARD, standard, the unit of 

measurement, 13 

THE END. 
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